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(57) ABSTRACT

A method of manufacturing an array substrate 20 according to
the present invention includes a line forming step, and line
forming step includes following performances. A plurality of
source lines 27 are formed on a glass substrate GS so as to
extend from a first region Al on the glass substrate GS to a
second region A2 that 1s adjacent to the firstregion on an outer

side thereot. A plurality of source driver side check lines 45A
are formed on the glass substrate GS so as to extend from the
second region A2 to a third region that 1s adjacent to the first
region Al on an outer side thereof and adjacent to the second
region A2. A plurality of first line connection portions 49 are
formed 1n the second region A2 and the first line connection
portions 49 connect the source lines 27 and the first source
driver side check lines 45A. A capacity stem line 43 and a
common line 44 are formed to extend from the first region Al
to the third region A3. A second source driver side check line
458 and a second line connection portion 50 that connects
cach of the capacity stem line 43 and the common line 44 and
the source driver side check line 45B are formed in the third
region A3.

20 Claims, 34 Drawing Sheets
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METHOD OF MANUFACTURING ELEMENT
SUBSTRATE

TECHNICAL FIELD

The present invention relates to a method of manufacturing,
an element substrate.

BACKGROUND ART

A liquid crystal panel used 1n a liquid crystal display device
includes a pair of glass substrates and a liquid crystal layer
sandwiched between the glass substrates. One of the glass
substrates 1s an array substrate including TFTs as an active
clement that controls operations of each pixel. A plurality of
gate lines and source lines are arranged 1n a matrix in a display
area ol the array substrate and the TF'T 1s arranged at each
intersection of the gate lines and the source lines. A check
line, a line connection portion, and a check signal input por-
tion are arranged in a non-display area that surrounds the
display area of the array substrate. The check line 1s used for
checking disconnection or short-circuit of the gate lines or the
source lines 1n the process of manufacturing the array sub-
strate. The line connection portion connects the check line
and each line. The check signal input portion 1s connected to
the check line and a check signal 1s mnput from via the check
signal input portion. The check line, the line connection por-
tion and the check signal input portion are removed atter a
checking step 1n the process ol manufacturing the array sub-
strate. The method of manufacturing the array substrate 1s
described 1n Patent Document 1.

Patent Document 1: Japanese Unexamined Patent Appli-

cation Publication No. 2002-90424

Problem to be Solved by the Invention

If an area of the non-display area of the array substrate 1s
reduced, an area of the display area 1s increased, and this 1s
usetul for increasing a screen size. A plurality of array sub-
strates are manufactured from a large-size mother glass. If an
area of the non-display area of each array substrate 1s reduced,
an outer size of each array substrate 1s also reduced and this
increases the number of array substrates obtained from one
mother glass. However, 11 the area of the non-display area 1s
simply reduced, an arrangement space in which the check
lines, the line connection portions and the check signal input
portions are arranged 1s also reduced. Accordingly, an enough
line width of the check line and an enough area for the check
signal input portions may not be ensured, and there are limi-
tations to reduce the area of the non-display area.

DISCLOSURE OF THE PRESENT INVENTION

The present mvention was accomplished 1 view of the
foregoing circumstances. An object of the present invention 1s
to provide a method of manufacturing an element substrate
having a reduced outer peripheral-side area.

Means for Solving the Problem

To solve the above problem, according to the present inven-
tion, a method of manufacturing an eclement substrate
includes a line forming step of forming lines on a substrate, a
checking step, and a removing step. The line forming step
includes forming a plurality of first lines extending from a
first region of the substrate to a second region that 1s adjacent
to the first region on an outer side of the first region, forming,
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2

a plurality of first check lines extending from the second
region to a third region that1s adjacent to the first region on the
outer side of the first region and adjacent to the second region,
forming a plurality of first line connection portions in the
second region, the first line connection portions connecting
the first lines and the first check lines, forming a second line
extending from the first region to the third region, and form-
ing a second check line and a second line connection portion
in the third region, the second line connection portion con-
necting the second line and the second check line. The check-
ing step includes mputting a check signal to the plurality of
first check lines and the second check line, and checking the
plurality of first lines and the second line. The removing step
includes removing at least a part of one of the first check line
and the second check line 1n the second region and the third
region, and disconnecting the first line and the first check line
and disconnecting the second line and the second check line.

Accordingly, after the lines, check lines, and the line con-
nection portions are formed in the line forming step, 1t 1s
checked whether disconnection or short-circuit occurs 1n
cach line 1n the checking step. After the checking step, at least
a part of each of the check lines 1s removed 1n the removing
step and the lines and the check lines are disconnected from
cach other.

In the line forming step, the first check lines are formed to
extend from the second region to the third region on the
substrate. The first lien connection portions that connect the
first check lines and the first lines are formed 1n the second
region, and the second check lines that are connected to the
second line and the second line connection portions are
formed 1n the third region. Therefore, compared to a case 1n
which the first check lines, the first line connection portions,
and the second check line and the second line connection
portion are concentrated in the same region, a distance
between the outer end of each of the second region and the
third region and the outer end of the first region 1s maintained
to be short. This reduces a size of the second region and the
third region, and the first region 1s increased 1n 1ts size by the
reduced size. In other words, an outer size of the substrate 1s
reduced.

The following configurations may be used 1n a first aspect
of the method of manufacturing an electrode substrate
according to the present invention.

(1) In the line forming step, the first check lines may be
formed of a same material and formed 1n a same layer, and the
second check line may be formed of a material different from
the first check line and may be formed in a layer different from
a layer 1n which the first check line 1s formed with having an
insulation layer between the second check line and the first
check line. Accordingly, at least a part of each of the first
check line and the second check line may overlap with each
other, and therefore, the first check lines and the second check
lines may be arranged at a higher density. Accordingly, the
second region and the third region may be reduced 1n size
cifectively.

(2) In the line forming step, the first lines and the second
line may be formed of a same material as the second check
line and they may be formed 1n a same layer, an opening may
be formed at a portion of the insulation layer overlapping one
of the first line and the first check line, and the first line
connection portion may be formed so as to cover the opening.
The first line connection portion connects the first line and the
first check line that are formed 1n different layers. Accord-
ingly, the first line connection portion may be formed to cover
the opening formed in the insulation layer, and this may
elfectively connect the first line and the first check line that
are formed 1n different layers. The second line and the second




US 9,276,019 B2

3

check line may be formed of a same material 1n a same layer,
and therefore they may be effectively connected to each other
via the second line connection portion.

(3) In the line forming step, pixel electrodes may be formed
and the first line connection portions may be formed with a
same material and 1 a same layer as the pixel electrodes.
Accordingly, the first line connection portion may be formed
in forming the pixel electrodes, and this may reduce a manu-
facturing cost.

(4) In the line forming step, an ESD protection circuit that
1s connected to the plurality of first check lines and the second
check line may be formed. Accordingly, the ESD protection
circuit may protect the first check line and the second check
lines from the ESD (electrostatic discharge).

(5) In the line forming step, a transistor may be formed as
the ESD protection circuit. The transistor may connect the
first check lines each other and connect the first check line and
the second check line, and the transistor may have a threshold
voltage value relatively higher than a voltage value of the
check signal that 1s input to the first check line and the second
check line 1 the checking step. Accordingly, 1f a check signal
may be mput to one of the first check line and the second
check line, the voltage value of the check signal may be
relatively lower than a threshold voltage value of the transis-
tor that 1s the ESD protection circuit. Therefore, the check
signal may not be supplied to another one of the first check
line and the second check line. Accordingly, the lines may be
correctly checked. On the other hand, 11 the ESD voltage that
1s greater than the threshold voltage value of the transistor
may be applied to one of the check lines, the ESD voltage may
be also applied to the other one of the check lines via the
transistor. Accordingly, a potential difference may be less
likely to be generated between the check lines and between
the lines.

(6) In the line forming step, at least a pair of first check lines
may be formed so as to be parallel to an outer end of the
second region as the plurality of the first check lines, and the
plurality of first line connection portions may be arranged
between the pair of first check lines that are parallel to the
outer end of the second region and along an extending direc-
tion 1n which the first check lines extend. This may shorten a
distance between the outer end of the second region and the
outer end of the first region and this may further reduce a size
ol the second region.

(7) In the line forming step, at least a pair of first check lines
may be formed so as to be parallel to an outer end of the
second region as the plurality of the first check lines, and the
plurality of first line connection portions may be formed so as
to sandwich at least one of the pair of first check lines that are
parallel to the outer end of the second region. Accordingly, the
first line connection portions may be arranged at small inter-
vals 1n an extending direction 1n which at least the pair of first
check lines extend. The pair of first check lines may be par-
allel to the outer end of the second region. This may reduce a
s1ze of the second region 1n the extending direction 1n which
the pair of first check lines extend.

A second method of manufacturing an element substrate
according to the present invention includes a line forming
step of forming lines on a substrate, a checking step, and a
removing step. The line forming step includes forming a line
extending from a non-removing area of the substrate to a first
removing area that 1s adjacent to the non-removing area on an
outer side, forming a check line extending from the first
removing area to a second removing area that 1s adjacent to
the non-removing area on an outer side and adjacent to the
first removing area, forming a line connection portion 1n the
first removing area, the line connection portion connecting
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4

the line and the check line, and forming a check signal input
portion extending from the non-removing area to the second
removing area, the check signal mput portion being con-
nected to the check line. In the checking step, a check signal
1s input to the check signal input portion and checking the line
via the check line. In the removing step, at least a part of at
least the line check line and the line connection portion 1s
removed and the line 1s disconnected from the check line and
a part of the check signal input portion 1s removed.

Accordingly, after forming the lines, the check lines, the
line connection portion, and the check signal input portion 1n
the line forming step, the checking step 1s performed to check
whether disconnection or short-circuit occurs in each of the
lines. After performing the checking step, the removing step
1s performed to remove at least a part of the line connection
portion of at least the check line. Accordingly, the line and the
check line are disconnected from each other and a part of the
check signal input portion i1s removed.

In the line forming step, the check line 1s formed to extend
from the first removing area to the second removing area, and
the line connection portion connecting the check line and the
line 1s formed 1n the first removing area, and the check signal
input portion 1s formed in the second removing area. There-
fore, compared to a case 1 which the check line, the line
connection portion, and the check signal mput portion are
concentrated in the same area, a distance between an outer
end of each of the first removing area and the second remov-
ing area and an outer end of the non-removing area 1s short-
ened. This reduces the first removing area and the second
removing area and this increases the non-removing area by
the reduced size. In other words, the outer size of the substrate
1s reduced. Further, the check signal mput portion extends
from the first removing area to the non-removing area, and
therefore, compared to a case in which the check signal input
portion 1s formed only 1n the first removing area, a suificient
large area 1s provided for the check signal input portion. This
improves workability of mputting the check signal to the
check signal input portion in the checking step and this effec-
tively reduces a cost for equipments used 1n the checking step.

A third method of manufacturing an element substrate
according to the present invention includes a line forming
step of forming lines on a substrate, a checking step, and a
removing step. The line forming step includes forming at
least a pair of lines extending from an inner peripheral side
area of the substrate to a pair of outer peripheral side areas that
are located to sandwich the inner peripheral side area from
outer sides, forming one check line in one of the pair of outer
peripheral side areas, the one check line being connected to
one end side of one of the pair of lines, and forming another
check line in another one of the pair of outer peripheral side
areas, the other check line being connected to another end
side of the pair of lines. In the checking step, a check signal 1s
input to the one check line and the other check line and at least
the pair of lines are checked. In the removing step, at least a
part of each of the one check line and the other check line 1in
the pair of outer peripheral side areas 1s removed and the one
line 1s disconnected from the one check line and the other line
1s disconnected from the other check line.

Accordingly, after the lines and the check lines are formed
on the substrate via the line forming step, 1t 1s checked
whether disconnection or short-circuit occurs 1n each of the
lines 1n the checking step. After performing the checking step,
at least a part of each of the check lines 1s removed 1n the
removing step, the line 1s disconnected from the check line.

In the line forming step, one check line that 1s connected to
one end of one line 1s formed 1n one of the pair of outer
peripheral side areas that are located to sandwich the inner
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peripheral area of the substrate from both outer sides, and
another check line that 1s connected to another end side of the
other line 1s formed 1n another one of the pair of outer periph-
cral side areas. Therefore, compared to a complicated con-
nection structure in which the check lines are concentrated in
one-side outer peripheral side area, the connection structure
of the check lines and the lines 1s simplified and a distance
between the outer end of the outer peripheral side area and the
outer end of the mner peripheral side area 1s kept to be small.
This 1s likely to reduce the outer peripheral side area the inner
peripheral side area 1s increased by the reduced size. In other
words, the outer size of the substrate 1s reduced.

The following configurations may be used in a third aspect
of the method of manufacturing an electrode substrate
according to the present invention.

(1) A substrate cutting step of cutting a substrate parent
material into a plurality of substrates may be performed
between the line forming step and the checking step. In the
line forming step, at least one of the one check line and the
other check line may be formed so as to cross a cutting
position of the substrate 1n the substrate cutting step. Accord-
ingly, before performing the substrate cutting step, the check
line that 1s formed to cross the cutting position of the substrate
parent material may have a suilicient line width and a low line
resistance. This may be effective for dealing with the electro-
static discharge (ESD). After performing the substrate cutting
step, the check line may be located at the outer end of the outer
peripheral side area, and the check line may have a sufficient
line width and this may be effective for dealing with the ESD.

(2) In the line forming step, a second line may be formed 1n
one of the pair of outer peripheral side areas, a second check
line connected to the second line may be formed to cross the
cutting position of the substrate in the substrate cutting step,
and a check line connection portion may be formed 1n an area
that 1s on an outer side from the cutting position of the sub-
strate 1n the substrate cutting step, the check line connection
portion being connected to the second check line and one of
the one check line and the other check line. In the substrate
cutting step, the check line connection portion may be
removed from the substrate according to the cutting of the
substrate parent material into the substrates. Accordingly,
before performing the substrate cutting step, one of the one
check line and the other check line that are formed to cross the
cutting position of the substrate may be connected to the
second check line via the check line connection portion. This
lowers a line resistance between the second check line and
one of the one check line and the other check line that are
connected to each other. This 1s further effective for dealing
with the ESD.

The following configurations may be used in the first to the
third aspect of the method of manufacturing an electrode
substrate according to the present invention.

(1) In the line forming step, a plurality of removal check
signal input portions may be formed 1n an area of the substrate
in which apart of the substrate 1s not to be removed in the
removing step, and a removal check connection line may be
formed 1n a part of the substrate that 1s to be removed 1n the
removing step, the removal check connection line connecting
the removal check signal input portions each other. After the
removing step, the removal checking step may be performed
and 1n the removal checking step, 1t may be judged whether
the removing step 1s correctly performed based on a current
flowing state between the removal check signal mput por-
tions. Accordingly, if the removing step 1s correctly per-
formed, the removal check connection line may be removed,
and therefore, a current does not flow between the removal
check signal input portions 1n the removal checking step. If
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the removing step 1s not correctly performed, the removal
check connection line may not be completely removed, and
therefore, a current flows between the removal check signal
input portions in the removal checking step. The number of
defective products 1s reduced via the removal checking step.

(2) In the removing step, a part of the substrate having a
predetermined area ranging from an outer end may be cham-
tered. Accordingly, compared to a case in which the outer end
side portion of the substrate 1s cut oif and removed from the
substrate in the removing step, the second region and the third
region ol the substrate, the first removing area and the second
removing area, or the outer peripheral side areas are effec-
tively reduced 1n size. Further, this reduces a cost for the
devices used 1n the removing step.

(3) A polarizing plate mounting step may be performed
prior to the removing step and a polarizing plate may be
mounted on a surface of the substrate opposite to a line
forming surface thereof. Accordingly, 1n the polarizing plate
mounting step, static electricity may be easily generated in
mounting the polarizing plate. However, the check lines
formed on the substrate may protect the lines from the elec-
trostatic discharge (ESD).

Advantageous Effects of the Invention

According to the present invention, a method of manufac-
turing an element substrate having a reduced outer peripheral-
side area 1s provided.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 15 an exploded perspective view 1llustrating a gen-
eral construction of a television device according to a first
embodiment of the present invention.

FIG. 2 15 an exploded perspective view 1llustrating a gen-
eral construction of a liquid crystal display device included 1n
the television device.

FIG. 3 1s a cross-sectional view generally illustrating a
cross-sectional configuration of the liquad crystal display
device.

FIG. 4 1s a cross-sectional view generally illustrating a
cross-sectional configuration of a liquid crystal panel.

FIG. 5 1s a plan view 1llustrating a plan configuration of a
display area of an array substrate included in the liquid crystal
panel.

FIG. 6 1s a plan view 1llustrating a plan configuration of a
display area of a CF substrate included in the liqud crystal
panel.

FIG. 7 1s a cross-sectional view taken along a vii-vii line 1n
FIG. 5.

FIG. 8 1s a plan view generally 1llustrating a wiring con-
figuration on the array substrate included 1n the liquid crystal
panel.

FIG. 9 1s a plan view 1llustrating a wiring configuration on
a source driver side end portion of the array substrate.

FIG. 10 1s a plan view 1llustrating a wiring configuration on
a gate driver side end portion of the array substrate.

FIG. 11 1s a plan view 1llustrating a plan configuration of a
first line connection.

FIG. 12 1s a cross-sectional view taken along a xi1-x11 line
in FIG. 11.

FIG. 13 1s a circuit generally illustrating a circuit configu-
ration of an ESD protection circuit.

FIG. 14 1s a flowchart illustrating a method of manufactur-
ing the liquid crystal panel.

FIG. 15 1s a plan view 1llustrating a mother glass.
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FIG. 16 1s a plan view illustrating a plan configuration of a
first source driver-side check line and a first wiring connec-
tion according to a first modification of the first embodiment.

FI1G. 17 1s a plan view 1illustrating a plan configuration of a
first source driver-side check line and a first wiring connec-
tion according to a second modification of the first embodi-
ment.

FIG. 18 1s a plan view illustrating a plan configuration of a
first source driver-side check line and a first wiring connec-
tion according to a third modification of the first embodiment.

FI1G. 19 1s a plan view 1illustrating a plan configuration of a
first source driver-side check line and a first wiring connec-
tion according to a fourth modification of the first embodi-
ment

FIG. 20 1s a plan view illustrating a plan configuration of a
first source driver-side check line and a first wiring connec-
tion according to a fifth modification of the first embodiment.

FI1G. 21 1s a plan view 1llustrating a wiring configuration of
a gate driver-side end portion of an array substrate according
to a second embodiment of the present invention.

FI1G. 22 1s a plan view 1llustrating a wiring configuration of
a source driver-side end portion of an array substrate accord-
ing to a third embodiment of the present invention.

FI1G. 23 1s a plan view 1llustrating a plan configuration of a
first source driver-side check line and a first wiring connec-
tion according to a fourth embodiment of the present inven-
tion.

FI1G. 24 1s a plan view 1llustrating a plan configuration of a
first source driver-side check line and a first wiring connec-
tion according to a first modification of the fourth embodi-
ment of the present invention.

FIG. 25 1s a plan view 1illustrating a plan configuration of a
first source driver-side check line and a first wiring connec-
tion according to a second modification of the fourth embodi-
ment of the present invention.

FI1G. 26 1s a plan view 1illustrating a plan configuration of a
first source driver-side check line and a first wiring connec-
tion according to a third modification of the fourth embodi-
ment of the present invention.

FI1G. 27 1s a plan view 1illustrating a plan configuration of a
first source driver-side check line and a first wiring connec-
tion according to a fourth modification of the fourth embodi-
ment of the present invention.

FIG. 28 1s a plan view illustrating a wiring configuration of
a corner of an array substrate according to a fifth embodiment
ol the present 1nvention.

FI1G. 29 1s a plan view generally illustrating a wiring con-
figuration of an array substrate according to a sixth embodi-
ment of the present invention.

FI1G. 30 1s a plan view 1llustrating a wiring configuration of
a source driver-side end portion of the array substrate.

FIG. 31 1s a plan view generally illustrating a wiring con-
figuration of an array substrate according to a seventh
embodiment of the present invention.

FI1G. 32 1s a plan view 1llustrating a wiring configuration of
a source driver-side end portion of an array substrate accord-
ing to a eighth embodiment of the present invention.

FIG. 33 1s a flowchart 1llustrating a method of manufactur-
ing a liquid crystal panel according to another embodiment
(1) of the present invention.

FI1G. 34 1s a flowchart 1llustrating a method of manufactur-
ing a liquid crystal panel according to another embodiment

(2) of the present invention.

MODES FOR CARRYING OUT THE INVENTION

First Embodiment

A first embodiment of the present mvention will be
explained with reference to FIGS. 1 to 15. In this embodi-
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ment, a method of manufacturing an array substrate 20
included 1n a liquid crystal panel (a display panel) 11 of a
liguad crystal display device 10 will be described as an
example. In a part of each drawing, an X-axis, a Y-axis, and a
Z-axi1s are described as necessary and a direction of each axis
matches a direction 1llustrated 1n each drawing. An upper side
in FI1G. 3 1s a front side and a lower side in FIG. 3 1s arear side.

As illustrated in FI1G. 1, atelevision device TV according to
this embodiment 1ncludes the liquid crystal display device
(the display device) 10, front and rear cabinets Ca, Cb that
sandwich the liquid crystal display device 10 therebetween, a
power source P, a tuner T, and a stand S. The liquid crystal
display device 10 1s formed 1n a rectangular square shape as a
whole. As 1llustrated in FIGS. 2 and 3, the liguid crystal
display device 10 includes the liquid crystal panel 11 as a
display panel and a backlight device (a lighting device) 12
that 1s an external light source, and the components are inte-
grally held by a bezel 13.

A general configuration of the backlight device 12 will be
explained. The backlight device 12 includes a light source
arranged directly below the liquid crystal panel 11 and the
backlight device 12 1s a so-called direct-type backlight
device. The backlight device 12 includes a chassis 14, a
reflection sheet (a reflection member) 135, an optical member
16, aframe 17, a plurality of cold cathode tubes (light source)
18, and a lamp holder 19. The chassis 14 has a light exit
portion that 1s open to a front side (a light exit side, a liquid
crystal panel 11 side). The reflection sheet 15 1s arranged 1n
the chassis 14. The optical member 16 1s arranged to cover the
light exit portion of the chassis 14. The frame 17 holds the
optical member 16. The cold cathode tubes 18 are aligned
with each other and arranged in the chassis 14. The lamp
holder 19 shields end portions of the cold cathode tubes 18
from light and has light reflectivity.

Next, the liquid crystal panel 11 will be explained. As
illustrated in FI1G. 4, the liquid crystal panel 11 includes a pair
of substrates 20, 21 and a liqud crystal layer 22 enclosed
between the substrates 20, 21. The liquid crystal layer 22
contains liquid crystal materials that change optical charac-
teristics according to impression of an electric field. The
liquid crystal layer 22 1s enclosed between the substrates 20,
21. The ligud crystal panel 11 includes a display area (an
inner peripheral side area) AA and a non-display area (an
outer peripheral side area) NAA (refer to FIG. 8). The display
area AA 1s located 1n a central area 1n a screen and capable of
displaying images. The non-display area NAA 1s located on
an outer peripheral end side of the screen and formed 1n a
frame shape that surrounds the display area AA. The non-
display area 1s incapable of displaying images. In FIG. 8, an
area surrounded by an alternate long and short dash line
represents the display area AA. A pair of polarnizing plates are
adhered to outer surfaces of the substrates 20, 21, respec-
tively.

One of the pair of substrates 20, 21 included in the liquid
crystal panel 11 that 1s arranged on a rear-surface side (the
back light device 12 side) 1s an array substrate (an element
substrate, an active matrix substrate) 20, as illustrated 1n FIG.
4. Another one of the pair of substrates 20, 21 that 1s arranged
on a front-surface side (a light exit side) 1s a CF substrate (a
counter substrate) 21. Each of the array substrate 20 and the
CF substrate 21 includes a transparent (light transmissive)
substrate GS made of glass and various structures (thin films)
that are laminated on the substrate GS. As illustrated in FIG.
15, 1n manufacturing the array substrate 20 and the CF sub-
strate 21, a large mother glass (substrate parent material)
MGS 1s used such that a plurality of glass substrates GS are
obtained from the large mother glass. Accordingly, manufac-
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turing efficiency 1s likely to be improved and a cost for manu-
facturing equipments 1s likely to be reduced. Specifically, one
mother glass MGS 1s divided 1nto nine pieces and nine glass
substrates GS are obtained. A frame surrounded by an alter-
nate long and short dash line in FIG. 15 represents an outer
shape of each glass substrate GS.

A general configuration of the display area AA 1n the array
substrate 20 will be explained. As 1llustrated in FI1G. S, 1n the
display area AA on an inner side (the liquad crystal layer 22
side, a surface facing the CF substrate 21, a surface on which
lines are arranged) of the array substrate 20, a plurality of
TFTs (thin film transistor) 24 that are switching components
and each of which includes three electrodes 24a to 24¢ and a
plurality of pixel electrodes 25 are arranged. Gate lines 26 and
source lines 27 that are arranged in a matrix are arranged to
surround the TFTs 24 and the pixel electrodes 25. The pixel
clectrode 25 1s formed of a light transmissive conductive
material (transparent conductive material) such as ITO (In-
dium Tin Oxide) or IZO (Indium Zinc Oxide). The gate lines
26 and the source lines 27 are formed of a conductive metal
material. Specifically, each source line 27 includes different
kinds of metal films 39, 40 that are laminated and 1s formed 1n
a two-layer structure. A lower side metal film 39 1s made of
titanium (11) and an upper side metal film 40 1s made of
aluminum (Al) (refer to FIG. 7). The gate line 26 and the
source line 27 are connected to the gate electrode 24a and the
source electrode 24b of the TFT 24, respectively. Accord-
ingly, the pixel electrode 25 1s connected to the drain elec-
trode 24¢ ofthe TFT 24 via adrain line 34. The array substrate
20 includes capacity lines (auxiliary capacity lines, storage
capacity lines, Cs lines) 33 that are parallel to the gate lines 26
and overlap the pixel electrodes 25 1n a plan view. The capac-
ity line 33 1s formed of the same material as the gate line 26
and they are formed in the same layer in the same step of the
manufacturing process. The capacity lines 33 and the gate
lines 26 are arranged alternately with respect to the Y-axis
direction. The gate line 26 i1s arranged between the pixel
clectrodes 23 that are arranged adjacent to each other in the
Y-axis direction. Each capacity line 33 is arranged to cross a
substantially middle portion of each pixel electrode 25 in the
Y-axis direction. An alignment film 28 1s formed on an inner
surface side of the array substrate 20 (FIG. 4). The alignment
f1lm 28 aligns liquid crystal molecules included 1n the liquid
crystal layer 22.

Next, a general configuration of the display area AA 1n the
CF substrate 21 will be explained. As 1llustrated in FIGS. 4
and 6, 1n the display area AA on an mnner side (the liquid
crystal layer 22 side, a surface facing the array substrate 20) of
the CF substrate 21, a plurality of color filters are arranged to
overlap the pixel electrodes 25 on the array substrate 20,
respectively. The color filters includes coloring sections 29
cach provides colors of red (R), green ((G), and blue (B) that
are arranged 1n the X-axis direction. Each coloring section 29
has an elongated rectangular outer shape similar to an outer
shape of the pixel electrode 25 with a plan view. A light
blocking section (a black matrix) 30 1s formed between the
coloring sections 29 included 1n the color filter. The light
blocking sections 30 are formed 1n a matrix and prevent the
colors from being mixed. The light blocking sections 30 are
arranged to overlap the gate lines 26, the source lines 27 and
the capacity lines 33 on the array substrate 20 side with a plan
view. A counter electrode 31 1s arranged on a surface of each
coloring section 29 and the light blocking sections so as to
tace the pixel electrode 25 on the array substrate 29 side. An
alignment film 32 1s provided on an mner side surface of the
CF substrate 21. The alignment film. 32 aligns the liquid
crystal molecules included 1n the liqud crystal layer 22.

10

15

20

25

30

35

40

45

50

55

60

65

10

The alignment films 28, 32 that are formed on the substrate
20, 21, respectively are vertical alignment films that align the
liquid crystal molecules included 1n the liquid crystal layer 22
to be vertical and are light alignment films. Surfaces of the
light alignment films are subjected to light alignment process-
ing and alignment restriction force 1s applied to the liquid
crystal molecules. In the manufacturing process of manufac-
turing each substrate 20, 21, the light alignment processing 1s
performed. Specifically, after each alignment film 28, 32 1s
formed, light having a specific wavelength range such as a
ultraviolet light (UV light) 1s irradiated to a surface of each
alignment film 28, 32 at a specific angle, and accordingly, the
liquid crystal molecules are aligned along a light irradiation
direction. In the light alignment processing, the light 1rradia-
tion direction 1s changed 1n some ranges on a plane of each of
the alignment films 28, 32. Accordingly, while the alignment
f1lms 28, 32 are arranged to face each other, one pixel area (for
example, one transparent electrode 25) 1s divided into four
areas each having a different alignment direction of the liquid
crystal molecules. Namely, the pixel area 1s divided 1nto four
domains. Accordingly, viewing angle characteristics are aver-
aged and good display quality 1s obtained. Regarding the light
alignment processing, for example, the technology described
in Japanese Unexamined Patent Application Publication No.
2008-145700 1s used.

The TFT 24 that 1s one of the structures included in the
array substrate 20 will be explained in detail. The TFT 24 1s a
switching component. As illustrated 1n FIG. 7, the TFT 24
includes the glass substrate GS that 1s the array substrate 20
and a plurality of thin films laminated sequentially on the
glass substrate GS. Specifically, the gate electrode 24q that 1s
connected to the gate line 26, a gate sulation film 35, a
semiconductor film 36, a doping semiconductor film 42, the
source electrode 245 and the drain electrode 24¢, an 1n-be-
tween 1nsulation {ilm 37 between layers (a passivation film)
and a protection film. 38 are laminated on the glass substrate
GS 1n this order from the lower layer side (the glass substrate
GS side). The source electrode 245 1s connected to the source
line 27 and the drain electrode 24¢ 1s connected to the drain
line 34.

The gate electrode 24a 1s formed of the same material as
the gate lines 26 and 1s formed by patterning directly on the
glass substrate GS 1n the same manufacturing step of the gate
lines 26. For example, the gate electrode 24a 1s formed of a
single metal film or a layered film including a plurality of
metal films made of aluminum (Al), chrome (Cr), tantalum
(Ta), titanium ('11), copper (Cu). As 1llustrated in FIG. 5, a
branch line extends along the Y-axis direction from a portion
in the vicinity of a cross section of the gate line 26 extending
in the X-axis direction and the source line 27. The gate elec-
trode 244 1s configured with an extended distal end portion of
the extended branch line. The gate insulation film 335 1s
formed of a silicone nitride film (S1Nx) and keeps the gate
clectrode 24a to be insulated from the semiconductor film 36
that will be described later. The gate insulation film 35 1s
formed over substantially an entire area of the glass substrate
GS including an area 1n which the TFTs 24 are formed.

The semiconductor film 36 1s formed of amorphous silicon
(a-S1), for example. As illustrated 1n FIG. 7, one end of the
semiconductor film 36 1s connected to the source electrode
246 and another end thereot 1s connected to the drain elec-
trode 24c¢. This forms a channel area CH that communicates
the source electrode 246 and the drain electrode 24c¢. The
doping semiconductor film 42 1s made of amorphous silicone
(n+S1) that 1s obtained by doping n-type impurity such as
phosphorous (P) at a high density. The doping semiconductor
film 42 extends along the semiconductor film 36 and 1s not
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formed on the channel area CH. The portions of the doping
semiconductor film 42 arranged to sandwich the channel area
CH configure portions of the source electrode 245 and the
drain electrode 24c.

As 1llustrated 1n FIG. 7, the source electrode 2456 and the
drain electrode 24c¢ include a same material as the source line
2’7 and the drain line 34 and are formed by patterning on the
glass substrate GS 1n a same manufacturing step as the source
lines 27 and the drain lines 34. The source electrode 245 and
the drain electrode 24¢ are arranged to face with each other
and have a predetermined distance therebetween 1n the X-axis
direction. The source electrode 245 and the drain electrode
24¢ are arranged on an upper layer side with respect to the
gate electrode 24a to have the gate mnsulation film 335 and the
semiconductor film 36 therebetween. A part of the source
clectrode 245 and a part of the drain electrode 24¢ (the facing
portions) are located to overlap the gate electrode 24a with a
plan view and the overlapped portions are arranged over the

gate electrode 24a. Each of the source electrode 245 and the
drain electrode 24¢ includes a first conductive film 2451, 24¢1
on a lower layer side (the semiconductor film 36 side) and a
second conductive film 24562, 24¢2 on an upper layer side (the
in-between insulation film 37 side), and the first conductive
film and the second conductive film are laminated. The first
conductive films 2451, 241 on the lower layer side are con-
figured with end portions of the doping semiconductor film
42 and function as an Ohmic contact layer that 1s contact with
the semiconductor film 36 on the lower layer side with the
Ohmic contact. Each of the second conductive films 24542,
24c2 on the upper layer side includes two laminated metal
layers. The metal film 39 on the lower layer side 1s made of
titanium (1) and the metal film 40 on the upper layer side 1s

made of aluminum (Al). Namely, the source electrode 245
and the drain electrode 24c¢ are similar to the source line 27 1n
that they include the second conductive films 2452, 24¢2 each
of which includes two layered metal films 39, 40. However,
the source electrode 2456 and the drain electrode 24¢ have a
different structure from the source line 27 in that they include
the first conductive films 2451, 24c1 configured with the
doping semiconductor film 42. As illustrated 1n FIG. 5, a
branch line extends along the X-axis direction from a portion
in the vicimity of a cross section of the gate line 26 and the
source line 27 extending 1n the Y-axis direction. The source
clectrode 245 1s configured with an extended distal end por-
tion of the extended branch line.

The 1n-between isulation film 37 1s formed of a silicone
nitride film (S1Nx) that 1s a same material as the gate isula-
tion film 35. The protection film 1s made of an acrylic resin
(for example, polymethylmethacrylate resin (PMMA)) or
polyimide resin that are an organic material. Therefore, the
protection film 38 has a film thickness greater than the gate
insulation film 35 and the in-between 1nsulation film 37 that
are made from other inorganic material and functions as a
flattening film. The in-between insulation film 37 and the
protection film 38 are formed on substantially an entire sur-
face area of the glass substrate GS including an area 1n which

the TFT's 24 are formed. In areas other than the areas 1n which
the TFTs 24 are formed, the in-between insulation film 37 and
the protection {ilm 38 are located between the source line 27

on the relatively lower layer side and the pixel electrode 25 on
the relatively upper layer side and between the drain line 34
on the relatively lower layer side and the pixel electrode 25 on
the relatively upper layer side. The in-between imsulation film
3’7 and the protection film 38 keep the upper layer side pixel
clectrode 25 to be 1nsulated from the upper layer side source
line 27 and the drain line 34.
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Among the above-structured TFTs 24, the drain line 34
connected to the drain electrode 24¢1s formed 1n substantially
an L-shape with a plan view as 1llustrated in FIG. 5. One end
ol the drain line 34 1s connected to the drain electrode 24¢ and
another end thereof 1s connected to a pixel connection portion
41 that 1s connected to the pixel electrode 25. As 1llustrated 1n
FIG. 7, the drain line 34 1s formed on the gate mnsulation film
35 and formed of the same material as the source line 27 and
1s configured with two-layered structure similar to the source
line 27. The drain line 34 includes an lower layer side metal
{1lm 39 made of titantum (T1) and a upper layer side metal film
40 made of aluminum (Al). Therefore, similar to the source
line 27, the drain line 34 1s configured with only the second
conductive films 2452, 24¢2 (39, 40) of the source electrode
24b and the drain electrode 24¢ and does not include the first
conductive films 2451, 241 (42). Accordingly, the drain line
34 has a configuration different from the source electrode 245
and the drain electrode 24c.

Next, a configuration of the non-display area NAA 1n the

array substrate 20 will be explained. The non-display area
NAA 15 located on an inner surface side of the glass substrate
GS of the array substrate 20. As 1llustrated 1n FIG. 8, gate
drivers (gate side drive components) GD for driving the TFTs
24 and source drivers (source side drive components) SD are
connected to the non-display area NAA via an anisotropic
conductive film. The gate drivers GD and the source drivers
SD are connected to a control board (not illustrated) and
supply various signals output from the control board to each
line of the array substrate 20 and drive the TFTs 24. Three
source drivers SD are arranged along the X-axis direction and
along a long-side (X-axis direction) end portion (a source
driver SD side end portion) of the array substrate 20. The two
gate drivers GD are arranged along the Y-axis direction and
along each of two short-side (Y-axis direction) end portions
(gate driver GD side end portions) of the array substrate 20.

As 1llustrated 1n FIG. 8, the gate lines 26, the source lines
277, and the capacity lines 33 arranged 1n the display area AA
extend to the non-display area NAA of the array substrate 20.
The gate lines 26 reach connection portions of the gate drivers
GD and the source lines 27 reach connection portions of the
source drivers SD. Namely, the gate lines 26, the source lines
277, and the capacity lines 33 are arranged over the display
arca AA and the non-display area NAA. Extended ends of the
capacity lines 33 are located 1n the non-display area NAA and
on an inner side (a display area AA side) from the connection
portions of the gate drivers GD and connected to a capacity
stem line 43. The capacity stem line 43 1s arranged on each of
the short-side end portions in the non-display area NAA of the
array substrate 20. Each capacity stem line 43 extends along
the Y-axis direction (to be parallel to the source lines 27) so as
to cross all the capacity lines 33. The end portion of each
capacity stem 43 reaches the connection portion of each
source driver SD that 1s arranged on each end 1n the X-axis
direction. The end portion of each capacity stem 43 1s con-
nected to the source driver SD. Common lines 44 are formed
in an end portion of the non-display areca NAA of the array
substrate 20 that 1s close to the source drivers SD and on an
inner side (the display area AA side) from the connection
portions of each source driver SD. The common lines 33
supply a common potential to the counter electrodes 31 on the
CF substrate 21 side. The common lines 44 are arranged 1n a
portion of the array substrate 20 corresponding to a middle
portion of each source driver SD. One end of each common
line 44 1s connected to each source driver SD and another end
of each common line 44 1s connected to the counter electrode
31 on the CF substrate 21 side via conductive particles (not
illustrated) that are arranged to penetrate through the liquid
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crystal layer 22. Therefore, a group of the source lines 27 that
are connected to one source driver SD are arranged 1n the
connection portion of the source driver SD on a left side and
a right side having the common lines 44 therebetween that are
arranged 1n the middle portion of the source driver SD (refer
to FIG. 9). The capacity stem lines 43 and the common lines
44 are made of the same material as the source lines 27 and
they are formed 1n the same layer 1n the same step of the
manufacturing process. The capacity stem lines 43 and the
common lines 44 include the lower layer side metal film 39
and the upper layer side metal film 40. Thus, the gate driver
GD supplies various signals to the gate lines 26 and the source
driver SD supplies various signals to the source lines 27, the
capacity lines 33, and the common lines 44. Two ends of each
gate line 26 are connected to the gate drivers GD, respectively,
and the gate lines 26 are driven at the two ends thereof. Only
one end of each source line 27 1s connected to the source
driver SD and the source lines 27 are driven at one end
thereol.

As 1llustrated 1n FIGS. 9 and 10, the check lines 45, 46 are
tormed 1n the non-display area (an outer peripheral side area)
NAA of the array substrate 20. The check lines 45, 46 are used
to check whether an error occurs in the gate lines 26, the
source lines 27, the capacity stem lines 43 (the capacity lines
33) and the common lines 44 such as disconnection or short-
circuit. The check lines 45, 46 are used 1n the check step of the
manufacturing process of the liquid crystal panel 11. There-
fore, at least a part of the check lines 45, 46 1s removed from
the glass substrate GS 1n a chamiering step (a removing step)
that 1s executed after the checking step. Further, the check
signal input portions 47, 48 are formed 1n the non-display area
NAA of the array substrate 20. Check signals are input from
outside to the check lines 45, 46 via the check signal 1mput
portions 47, 48. The check lines 45, 46 include source driver
side check lines 45 and gate driver side check lines 46. The
source driver side check lines 45 are connected to the source
lines 27, the capacity stem lines 43, and the common lines 44.
The gate drive side check lines 46 are connected to the gate
lines 26. The check signal mput portions 47, 48 include
source driver side check signal input portions 47 and gate
driver side check signal input portions 48. The source driver
side check signal iput portions 47 are connected to the
source driver side check lines 435, and the gate driver side
check signal input portions 48 are connected to the gate driver
side check lines 46. As 1llustrated in FIG. 9, the source driver
side check lines 45 and the source driver side check signal
input portions 47 are arranged on a long-side end portion 1n
the non-display area NAA of the array substrate 20 (an end
portion close to the source driver SD). As 1llustrated 1n FIG.
10, the gate driver side check lines 46 and the gate driver side
check signal input portions 48 are arranged in each short-side
end portion 1n the non-display area NAA of the array sub-
strate 20 (an end portion close to the gate driver GD). In FIGS.
9 and 10, an outer shape (an outer end position, a separated
position) of the glass substrate GS 1s represented by an alter-
nate longer and short bold dash line.

The source driver side check lines 435 and the source driver
side check signal input portions 47 will be explained in detail.
As 1llustrated 1n FIG. 9, the source driver side check lines 45
includes first source driver side check lines 45A that are
connected to the source lines 27 and second source driver side
check lines 45B that are connected to the capacity stem lines
43 or the common lines 44. The source drive side check signal
input portion 47 includes first source driver side check signal
input portions 47 A that are connected to the first source driver
side check lines 45A and second source driver side check
signal 1mput portions 478 that are connected to the second
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source driver side check lines 45B. A pair of first source driver
side check lines 45A 1s arranged for each source driver SD
and one first source driver check line 45A 1s arranged for each
source line 27 group. Six first source drier side check lines
45A are arranged (refer to FIG. 8). Namely, a pair of source
line 27 groups connected to one source driver SD 1s connected
to a pair of first source driver side check lines 45A. Two
second source driver side check lines 45B are arranged for
cach of the source drivers SD arranged on the long-side ends
of the array substrate 20. Each of the second source driver side
check lines 45B 1s arranged for each of the capacity stem lines
43 and the common lines 44 connected to each of the source
drivers SD that are arranged on the long-side ends of the array
substrate 20. One second source driver side check line 45B 1s
arranged for the source driver SD located 1n a middle portion,
and the one second source driver side check line 45B 1s
arranged for the common line 44 that 1s connected to the
source driver SD located in the middle portion. Five second
source driver side check lines 45B are arranged (refer to FIG.
8). The number of the first source driver side check signal
input portions 47A 1s same as that of the first source driver
side check lines 45A that are connected to the first source
driver side check signal mput portions 47A. Similarly, the
number of the second source driver side check signal input
portions 47B 1s same as that of the second source driver side
check lines 45B that are connected to the second source driver
side check signal input portions 47B.

As 1llustrated 1n FI1G. 9, one first source driver side check
line 45A 1s connected to a plurality of source lines 27 and a
plurality of first line connection portions 49 are arranged for
the source lines 27. The first source driver side check line 45 A
1s connected to each source line 27 via the corresponding first
line connection portion 49. The second source driver side
check line 4358 1s connected to the capacity stem line 43 or the
common line 44 via a second connection portion 30. Specifi-
cally, the source line 27 has a source terminal 27a that 1s
formed 1n an elongated rectangular shape and extends to the
connection portion of the source driver SD 1n the non-display
area NAA and connected to the source driver SD and also has
an extended portion 275 that extends outwardly from the
source terminal 27a. Branch lines 45Aa extend from the first
source driver side check line 45A so as to overlap the
extended portion 27b. A first line connection portion 49 is
formed 1n an overlapped portion 1n which the extended por-
tion 275 and the branch line 45Aa overlap. The source termi-
nal 27a 1s configured to cover a surface of the lower layer-side
metal film 39 (titantum) with a transparent electrode material
such as ITO or IZ0O similar to the pixel electrode 25. The
lower layer-side metal film 39 is included in the two-layered
metal films 39, 40 of the source line 27. The source terminal
27a does not include the upper layer-side metal film 40 (alu-
minum). A detailed connection structure of the first line con-
nection portion 49 will be explained later. The capacity stem
line 43 has a capacity terminal (not 1llustrated) and the com-
mon line 44 has a common terminal 44a. The capacity termi-
nal and the common terminal 44a extend to the connection
portion of the source driver SD 1n the non-display area NAA
and are connected to the source driver SD. The capacity
terminal and the common terminal 44q are directly connected
to the second source driver side check line 45B and function
as a second line connection portion 30. The capacity terminal
and the common terminal 44a are configured to cover a sur-
tace of the lower layer-side metal film 39 (titanium) with a
transparent electrode material such as I'TO or IZ0 similar to
the pixel electrode 25. The lower layer-side metal film 39 1s
included 1n the two-layered metal films 39, 40 of the capacity
stem line 43 and the common line 44. The capacity terminal
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and the common terminal 44a do not include the upper layer-
side metal film 40 (aluminum). A connection structure of the
capacity stem line 43 and the second line connection portion
50 1s stmilar to the connection structure of the common line
44 and the second line connection portion 50 1illustrated 1n
FIG. 9, and the connection structure of the capacity stem line
43 and the second line connection portion 50 1s not 1llustrated.

As 1llustrated 1n FIG. 9, each source driver side check
signal mput portion 47 1s formed 1n substantially a square
shape with a plan view and has an area relatively greater than
the source terminal 27a. The first source driver side check
signal input portion 47 A 1s connected to the first source driver
side check line 45A via a third line connection portion 51.
Specifically, the first source driver side check line 45 A that 1s
located on a relatively outer side (close to an outer end of the
glass substrate GS) includes extended lines 45Ab that extend
toward the first source driver side check signal input portion
47A that 1s on a right side 1 FIG. 9 and an object to be
connected. The first source driver side check signal 1nput
portion 47 A has an extended portion 47 Aa that extends there-
from to overlap the extended lines 45Ab and has a third line
connection portion 51 1n an overlapped portion 1n which the
extended lines 45 Ab and the overlap portion 47Aa overlap. A
detailed connection structure of the third line connection
portion 51 will be explained later. The first source driver side
check line 45A that 1s located on a relatively 1nner side also
includes the extended lines 45Ab that extend toward the first
source driver side check signal input portion 47A that 1s on a
left side 1n FIG. 9 and an object to be connected. The first
source driver side check signal input portion 47A also has the
extended portion 47Aa and 1s connected to the first source
driver side check line 45A via the third line connection por-
tion 51. On the other hand, the second source driver side
check signal mput portion 47B 1s connected to the second
source driver side check line 45B via a fourth line connection
portion 52. Specifically, the second source driver side check
line 45B has a branch line 45Ba that extends therefrom toward
the second source driver side check signal input portion 46B
and 1s connected directly to the second source driver side
check signal mput portion 47B. The branch line 45Ba con-
figures a fourth line connection portion 52.

Next, an arrangement of the source driver side check lines
435, the source driver side check signal imnput portions 47, the
first line connection portions 49, the second line connection
portions 50, the third line connection portions 51, and the
fourth line connection portions 52 1n the non-display area
NAA of the array substrate 20 will be explained 1n detail. As
illustrated in FIG. 9, one end portion of the non-display area
NAA of the array substrate 20 that extends along a long-side
direction and 1s connected to the source drivers SD 1s divided
into three regions including a firstregion (an mner region) Al,
a second region (an outer region) A2, and a third region (an
outer region) A3. The first region A1 1s located adjacent to the
display area AA on an outer side. The second region A2
located adjacent to the first region Al on an outer side. The
third region A3 1s located adjacent to the first region A1 on an
outer side and adjacent to the second region A2. Namely, the
first region 1s formed 1n a belt-like shape that extends 1n the
X-axis direction over an entire length of the long side of the
array substrate 20. The second regions A2 and the third
regions A4 are arranged alternately 1n the X-axis direction. In
FIG. 9, adefinition line that defines each of the first region A1,
the second region A2, and the third region A3 1s 1llustrated by
an alternate long and short dash line having a long line that 1s
shorter than the alternate longer and short dash line represent-
ing the outer shape of the glass substrate GS. The source lines
277 are located over the first region A1 and the second region
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A2. The capacity stem lines 43 and the common lines 44 are
located over the first region Al and the third region A3. The
first source driver side check lines 45 A are located over the
second region A2 and the third region A3. Thus, the first line
connection portions 49 are located 1n the second region A2,
and the second source driver side check line 45B, each source
driver side check signal input portion 47, and the second line
connection portions 30 are located 1n the third region A3. The
third line connection portions 51 and the fourth line connec-
tion portion 52 are located in the third region A3. A position
relationship between the second region A2 and the third
region A3 1s as follows. The third region A3 in which a part of
the common line 44 is located 1s located 1n substantially a
middle portion of each source driver SD. Two second regions
A2 are located to sandwich the third region A3 from both
sides 1n the X-axis direction. The third region A3 1n which a
part of the capacity stem line 43 1s located 1s located on an end
portion of each of the two source drivers SD arranged on two
ends of the array substrate 20.

As 1llustrated 1n FI1G. 9, the source driver side check signal
input portions 47 are arranged 1n the X-axis direction 1n a
middle portion of the third region A3. The second source
driver side check signal input portion 47B 1s arranged 1n the
middle portion and the two first source driver side check
signal iput portions 47A are arranged to sandwich the sec-
ond source driver side check signal input portion 47B ther-
cbetween from both ends. The two first source driver side
check lines 45 A extend 1n the X-axis direction (along an outer
end of the second region A2 and the third region A3, along the
outer shape of the glass substrate GS) to be parallel to each
other with having a predetermined distance therebetween 1n
the Y-axis direction in the second region A2. In the third
region A3, the first source driver side check line 345 A that 1s
located relatively on an inner side (close to the first region Al,
on a lower side in FI1G. 9) 1s bent around the source driver side
check signal mput portions 47 to be arranged 1n an 1nner
portion from the source driver side check signal 1nput por-
tions 47. The bent portion of the first source driver side check
line 45A that 1s arranged on a relatively inner side 1s formed
to follow the outer shape of a group of the three source driver
side check signal input portions 47 and extends through a
space between the group of the three source driver side check
signal input portions 47 and the capacity stem line 43 or the
common line 44. The first source driver side check line 45A
that 1s arranged on a relatively outer side (on a side opposite
from the first region A1, on an upper side i FIG. 9) extends
in the X-axis direction without being bent 1n the third region
A3 and 1s formed in substantially a straight line over 1ts entire
length. Most of the middle part of the second source driver
side check line 45B extends in the X-axis direction 1n the third
region A3 and extends through a space between the first
source driver side check line 45A on a relatively outer side 1n
the Y-axis direction and each source driver side check signal
input portion 47 and a space between the two first source
driver side check lines 45A. Two end portions of the second
source driver side check line 45B are bent mwardly and
extend across the relatively inner side first source driver side
check line 45A and connected to the second line connection
portions 50.

As illustrated in FI1G. 9, the first line connection portions 49
are arranged 1n a space between the two first source driver side
check lines 45A with respect to the Y-axis direction and
arranged 1n the X-axis direction (a direction 1n which the first
source driver side check line 45A extends). Therefore, the
adjacent first line connection portions 49 partially overlap
cach other with respect to the Y-axis direction. Compared to a
case 1n which the adjacent first line connection portions 49 do
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not overlap, an arrangement space for the first line connection
portions 49 1s reduced in the Y-axis direction. This reduces a
width dimension of the second region A2 that 1s formed 1n a
belt-like shape extending in the X-axis direction, that 1s, a
distance between the outer end of the second region A2 and
the outer end of the first region Al, and this reduces the
second region A2 1n size. The pair of first source driver side
check lines 45A are arranged to sandwich the arranged first
line connection portions 49 and the first line connection por-
tions 49 (the source lines 27) are connected alternately to the
two {irst source driver side check lines 45A. Namely, one of
the two first source driver side check lines 45A 1s connected to
the odd-numbered first line connection portions 49 (the
source lines 27) among the arranged first line connection
portions 49. Another one of the two first source driver side
check lines 45A 1s connected to the even-numbered first line
connection portions 49 (the source lines 27). The second line
connection portion 50 1s arranged adjacent to the first line
connection portion 49 1n the X-axis direction that 1s located
closest to the third region A3. Namely, the second line con-
nection portion 30 1s located 1n an end portion of the third area
A3 close to the second region A2.

As described betore, as 1llustrated in FI1G. 9, the first source
driver side check lines 45A and the second source driver side
check line 45B partially overlap in plane. However, they are
formed 1n different layers and insulated from each other via
the gate msulation film 35. Therefore, short-circuit does not
occur. Specifically, the first source driver side check line 45A
1s formed of the same matenal as the gate lines 26 and they are
formed 1n the same layer 1n the same step of the manufactur-
ing process. The second source driver side check line 45B 1s
formed of the same matenal as the source line 27, the capacity
stem line 43, and the common line 44 and they are formed 1n
the same layer 1n the same step of the manufacturing process
and include the lower layer-side metal film 39 and the upper
layer-side metal film 40. Each of the three source driver side
check signal input portions 47 includes a same material as the
second source driver side check line 45B and the source line
2’7 and they are formed 1n the same layer in the same step of
the manufacturing process. Specifically, each source driver
side check signal input portion 47 1s configured such that a
surface of the lower layer-side metal film 39 (titanium) 1s
covered with a transparent electrode material such as ITO or
[Z0 similar to the pixel electrode 25. The source line 27
includes two-layered metal films 39, 40. However, the source
driver side check signal input portion 47 does not include the
upper layer-side metal film 40 (aluminum).

Accordingly, the first source driver side check lines 45A
are formed 1n a different layer from the source lines 27 and the
first source driver side check signal input portions 47A via the
gate insulation film 35. The source lines 27 and the first source
driver side check signal mput portions 47A are objects to
which the first source driver side check lines 45A are con-
nected. Therefore, the first line connection portions 49 that
connect the source lines 27 and the first source driver side
check line 45A and the third line connection portions 51 that
connects the first source driver side check signal input por-
tions 47A have a connection structure as follows. As 1llus-
trated 1n FIGS. 11 and 12, the first line connection portion 49
1s formed to cover openings 35a, 37a, 38a formed 1n the gate
imsulation film 35, the in-between 1nsulation film 37 and the
protection {ilm 38. Accordingly, the branch line 45Aa of the
first source driver side check line 45 A that 1s exposed through
cach opening 33a, 37a, 38a 1s connected to the extended
portion 275 of the source line 27. The first line connection
portion 49 1s formed of the same material as the pixel elec-
trode 25 that 1s layered on the protection film 38 and they are
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formed 1n the same layer 1n the same step of the manufactur-
ing process. The first line connection portion 49 and each
opening 35a, 37a, 38a are located 1n a position of the overlap
portion 1n which the branch line 45Aa of the first source river
side check line 45A overlap the extended portion 2756 of the
source line 27. Among the openings 35a, 37a, 38a, the open-
ing 37a of the in-between insulation film 37 and the opening
38a of the protection film 38 are formed over an area that 1s
relatively greater than the opening 35q of the gate insulation
film 35. The extended portion 275 of the source line 27 is
partially removed in an area that 1s greater than the opening,
35a of the gate insulation film 35. The upper layer-side metal
f1lm 40 made of aluminum (Al) 1s removed 1n an area greater
than the lower layer-side metal film 39 made of titanium (11).
Accordingly, the first line connection portion 49 made of ITO
similar to the pixel electrode 25 1s 1n contact only with the
lower layer-side metal film 39 made of titanium and 1s not 1n
directly contact with the upper layer-side metal film 40 made
of aluminum. Therefore, galvanic corrosion 1s less likely to
occur and connection reliability 1s enhanced.

The third line connection portion 51 also has a connection
structure substantially similar to the first line connection por-
tion 49. The extended lines 45Ab of the first source driver side
check line 45A are connected to the extended portion 47 Aa of
the first source driver side check signal input portion 47A via
the openings 35a, 37a, 38a. The third line connection portion
51 1s different from the first line connection portion 49 1n that
three openings 35a, 37a, 38a are arranged and three connec-
tion portions connecting the extended lines 45Ab and the
extended portion 47Aa are provided (refer to FIG. 9). In
FIGS. 11 and 12, numbers with parentheses are applied to the
connection structure of the third line connection portion 51.
As 1s not illustrated 1n details in the drawings, the capacity
stem lines 43 arranged 1n the same layer as the source lines 27
are connected to the capacity lines 33 that are arranged in the
same layer as the gate lines 26 with the same connection
structure as the first line connection portion 49 (refer to FIG.
10).

As 1llustrated 1n FI1G. 9, the source driver side check signal
input portions 47 that are arranged 1n the X-axis direction are
connected to each other via an ESD protection circuit 53.
Accordingly, the first source driver side check line 45 A that 1s
connected to the first source driver side check signal 1nput
portion 47A 1s connected to the second source driver side
check line 45B that 1s connected to the second source driver
side check signal mput portion 47B via the ESD protection
circuit 33. The source lines 27 are connected to the first source
driver side check line 45A and the capacity stem line 43 or the
common line 44 1s connected to the second driver side check
line 45B. Accordingly, with the connection between the
source driver side check lines 45 via the ESD protection
circuit 53, the TFTs 24 connected to the source lines 27, the
capacity stem line 43 and the common line 44 are protected
from high voltage (surge voltage) caused by ESD (electro-
static discharge).

As 1illustrated 1n FIG. 13, the ESD protection circuit 53
includes two protection circuit TETs 534 that are transistor
components and are connected 1n parallel between the adja-
cent source driver side check signal iput portions 47. The
protection circuit TFT 53q has a same structure as the TF'T 24
arranged 1n the display area AA of the array substrate 20 and
the TFTs 53a, 24 are collectively formed in the same step. The
two protection circuit TFT's 53q that are connected 1n parallel
have a same potential with the gate electrodes and the source
clectrodes being connected on a same line. The two protec-
tion circuit TF'T's 53a are connected 1n parallel to each other
such that the gate electrode and the source electrode of one
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protection circuit TF'T 53a have a same potential as the drain
clectrode of the other protection circuit TF'T 53a and the gate
clectrode and the source electrode of the other protection
circuit TFT 53a have a same potential as the drain electrode of
the one protection circuit TF'T 53a. A threshold voltage value
of each protection circuit TFT 33a 1s higher than a voltage
value of a check signal and 1s lower than a voltage value (a
surge voltage value) that 1s applied at the occurrence of ESD.
Accordingly, 11 the check signal 1s input to each source driver
side check signal iput portion 47 in the check step, the
protection circuit TFTs 53q are not activated and therefore, a
current 1s not less likely to flow between the adjacent source
driver side check signal mput portions 47 via the ESD pro-
tection circuit 33. If a high voltage 1s applied to the source
driver side check signal mput portion 47 according to the
occurrence of the ESD, the protection circuit TFTs 33a are
activated and a current flows between the adjacent source
driver side check signal imnput portions 47 via the ESD pro-
tection circuit 53. Accordingly, the current flows through all
the source driver side check lines 45 and this protects the
TFTs 24 that are connected to the source lines 27, the capacity
stem lines 43 and the common lines 44.

Next, the gate driver side check line 46 and the gate driver
side check signal input portion 48 will be explained 1n detail.
As 1llustrated in FIG. 10, a pair of gate driver side check lines
46 are arranged 1n short-side end portions in the non-display
area (an outer side area) NAA of the array substrate 20 and are
arranged to sandwich the gate lines 26 extending in the X-axis
direction from both ends therebetween. One gate driver side
check line 46 1s arranged for a group of the gate lines 26 that
are connected to one gate driver GD and a total number of the
gate driver side check lines 46 1s four. Specifically, the gate
driver side check line 46 1s located on an outer side from the
connection portion (the gate terminal 26a) of the gate driver
GD 1n the non-display area NAA and extends substantially
linearly along the Y-axis direction (along the source line 27 or
the capacity stem line 43) so as to cross the gate lines 26. The
gate lines 26 extend to the connection portion of each gate
driver GD 1n the non-display area NAA. Each gate line 26 has
the elongated rectangular gate terminal 264 that 1s connected
to each gate dniver GD and has the extended portion 265 that
1s extended outwardly from the gate terminal 26a. The
extended portion 265 1s connected to the gate driver side
check line 46. The gate terminal 264 1s formed at each end of
cach gate line 26 and the gate terminals 264 are connected to
cach of the gate drivers GD that are arranged on two ends of
the array substrate 20 1n the X-axis direction. Accordingly, the
gate lines 26 are driven at two ends thereof. The gate driver
side check lines 46 are formed of the same material as the gate
lines 26 and they are formed in the same layer 1n the same step
of the manufacturing process. Therefore, the extended por-
tions 265 of the gate lines 26 are directly connected to the gate
driver side check line 46.

As 1llustrated 1n F1G. 10, the pair of gate driver side check
lines 46 are connected alternately to the gate lines 26 arranged
in the Y-axis direction. Namely, one of the pair of gate driver
side check lines 46 1s connected to the odd-numbered gate
lines 26, and another one of the pair of gate driver side check
lines 46 1s connected to the even-numbered gate lines 26.
Specifically, each gate line 26 has the gate terminals 264 at
cach end and the extended portion 265, and one of the two
gate terminals 26a of each gate line 26 has the extended
portion 26b. The extended portions 26 connected to the odd-
numbered gate lines 26 and the extended portions 26 con-
nected to the even-numbered gate lines 26 extend 1n opposite
sides 1n the X-axis direction. In other words, the extended
portions 26 connected to the odd-numbered gate lines 26 are
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located on opposite side to the extended portions 26 con-
nected to the even-numbered gate lines 26.

As 1llustrated 1n FIG. 10, the gate driver side check signal
input portion 48 1s formed 1n substantially a square shape with
a plan view and has an area relatively greater than the gate
terminal 26a. The gate driver side check signal input portion
48 1s arranged adjacent to the gate terminal 26a and the
extended portion 265 of the gate line 26 1n the Y-axis direc-
tion. Namely, the gate driver side check signal input portion
48 overlap the gate terminal 26a and the extended portion 265
in the X-axis direction. The gate driver side check signal input
portion 48 1s arranged adjacent to the gate driver side check
line 46 with respect to the X-axis direction and the end portion
of the gate driver side check signal mput portion 48 adjacent
to the gate driver side check line 46 1s connected to the gate
driver side check line 46. The gate driver side check signal
iput portion 48 1s formed of the same material as the gate
lines 26 and they are formed in the same layer 1n the same step
of the manufacturing process, and the gate driver side check
signal input portion 48 1s directly connected to the gate driver
side check line 46.

In the chamiering step executed 1n the manufacturing pro-
cess of manufacturing the liquid crystal panel 11, the compo-
nents 1n the non-display area of the array substrate 20 1s
chamiered and a chamfering area (removing area) thereof
will be explained. The components are not removed 1n the
chamiering step at an entire area of the non-display area ot the
array substrate 20. The components are removed with cham-
fering 1n the outer peripheral frame-shaped area (a certain
area ranging irom the outer end of the glass substrate GS).
The outer peripheral frame-shaped area 1s a removing area
RA and the inner peripheral frame-shaped area that 1s on an
inner side of the removing area RA 1s a non-removing area
NRA 1n which the components are not removed. The remov-
ing area RA may change 1n its size due to an error caused 1n
processing by a chamiering device (a removing device) that 1s
used in the chamifering step. In FIGS. 9 and 10, a border
between the removing area RA and the non-removing area
NRA 1s represented by two parallel alternate long and short
dash lines (having a line width smaller than the alternate long
and short dash line representing the outer shape of the glass
substrate GS). A relatively inner one of the two alternate long,
and short dash lines represents a maximum allowable range of
the removing area RA and a relatively outer one represents a
minimum allowable range of the removing area RA. Namely,
the removing area RA may change its range between the two
alternate long and short dash lines illustrated in FIGS. 9 and
10.

The removing area RA and the non-removing area NRA at
an end portion of the non-display area NAA of the array
substrate 20 close to the source driver SD will be explained.
As 1llustrated 1n FIG. 9, the removing area RA 1s smaller in
s1ze 1n the Y-axis direction than the second region A2 and the
third region A3, and the non-removing area NR A 1s greater in
s1ze 1n the Y-axis direction than the first region Al. Namely,
the non-removing area NRA 1ncludes the first region Al and
inner peripheral side portions of the second region A2 and the
third region A3. In the following, the removing area RA
includes a first removing area RA1 that overlaps the second
region A2 and a second removing area RA2 that overlaps the
third region A3.

As 1llustrated 1n FIG. 9, a border between the removing
area RA and the non-removing area on the source driver SD
side end 1s formed 1n a linear shape extending along the
X-axis direction and located between the source terminals
27a and the first line connection portions 49. Therefore, the
source terminals 27a, main portions of the source lines 27, the
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capacity terminals, the capacity stem lines 43, the common
terminals 44a, the common lines 44, the third line connection
portions 51, and the ESD protection circuits 53 are entirely
arranged 1n the non-removing area NRA. The extended por-
tions 275 of the source lines 27, the bent portions of the first
source driver side check line 45A that i1s arranged on a rela-
tively 1mner side, the second source driver side check lines
45B, and the source driver side check signal input portions 47
are partially arranged in the non-removing area NRA. On the
other hand, the first line connection portions 49 and the first
source driver side check lines 45A that 1s arranged on a
relatively outer side are entirely arranged 1n the removing,
areca RA. The extended portions 275 of the source lines 27, the
first source driver side check lines 45A that 1s arranged on a
relatively mner side, the second source driver side check line
45B, and the source driver side check signal input portions 47
are partially arranged 1n the removing area RA. Namely, each
source driver side check line 45 1s arranged over the first
removing area RA1 and the second removing areca RA2 of the
removing arca RA. The first line connection portions 49 are
arranged 1n the first removing areca RA1 and each source
driver side check signal input portion 47s 1s arranged over the
non-removing area NRA and the second removing area RA2.
Theretore, the first line connection portions 49 and the source
driver side check signal input portions 47 are separately
arranged 1n the first removing area RA1 and the second
removing area RA2, respectively. Compared to a case in
which the first line connection portions 49 and the source
driver side check signal input portions 47 are arranged 1n the
same area, the firstremoving area RA1 and the second remov-
ing area RA2 are reduced 1n the width dimension. Namely, a
distance between an outer end of each of the first removing
area RA1 and the second removing area RA2 and an outer end
of the non-removing arca NRA 1s reduced. Further, each
source driver side check signal input portion 47 extends from
the first removing area RA1 to the non-removing area NRA.
Theretfore, compared to a case in which the source driver side
check signal input portion 47 1s arranged only 1n the first
removing area RA1, a suificient large area 1s provided.

Next, the removing area RA and the non-removing area
NRA at the gate driver GD side end of the non-display area
NAA of the array substrate 20 will be explained. As 1llustrated
in FIG. 10, a border between the removing area RA and the
non-removing area NRA 1s linear along the Y-axis direction
and located between the gate terminals 26a and the gate driver
side check line 46. Therefore, the gate terminals 26a, main
portions of the gate lines 26, the capacity lines 33, and the
capacity stem lines 43 are entirely arranged in the non-remov-
ing area NRA. The extended portions 265 and the gate driver
side check signal input portions 48 are partially arranged 1n
the non-removing areca NRA. On the other hand, the gate
driver side check line 46 1s entirely arranged 1n the removing
area RA, and the extended portions 265 extending from the
gate lines 26 and the gate driver side check signal input
portions 48 are partially arranged in the removing area RA.
Namely, the gate driver side check signal input portion 48 1s
arranged to extend over the removing area RA and the non-
removing area NRA. Therefore, compared to a case 1n which
the gate driver side check signal input portion 48 arranged
only in the removing arca RA, the gate driver side check
signal input portion 48 ensures a sulliciently large area.

The present embodiment has the above structure and
operations of the present embodiment will be explained.
First, a method of manufacturing the liquid crystal display
device 10 will be briefly explained. In manufacturing the
liquid crystal display device 10, the liquid crystal panel 11
and the backlight device 12 are separately manufactured and
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the liquid crystal panel 11 and the backlight device 12 are
assembled together with a bezel 13. In the following, the
method of manufacturing the liquid crystal panel 11, espe-
cially the method of manufacturing the array substrate 20 will
be explained 1n detail.

As 1llustrated 1n FI1G. 14, 1n manufacturing the liquid crys-
tal panel 11, an array substrate component forming step (a
line forming step ) and a CF substrate component forming step
are performed. In the array substrate component forming
step, the components are formed on the mother glass MGS of
the array substrate 20. In the CF substrate component forming
step, the components are formed on the mother glass MGS of
the CF substrate 21. After performing the array substrate
component forming step and the CF substrate component

forming step, the mother glass MGS of the array substrate 20
and the mother glass MGS of the CF substrate 21 are bonded
together with having the liquid crystal layer 22 therebetween
in a substrate bonding step. Next, the bonded mother glasses
MGS are cut and the liquid crystal panels 11 (the array sub-
strates 20 and the CF substrates 21) are obtained 1n a cutting,
step (a substrate cutting step). After the cutting step, a check-
ing step 1s performed to check whether disconnection or
short-circuit occurs 1n each of the lines 26, 27, 33, 43, 44.
Then, a polarizing plate 23 1s bonded to an outer surface of
cach of the glass substrates GS of the liquid crystal panel 11
in a polarizing plate bonding step. After performing the polar-
1zing plate bonding step, the components located i the
removing area RA of the array substrate 20 are removed with
chamiering in the chamifering step (the removing step). Then,
the gate drivers GD and the source drivers SD are mounted in
the non-display area NAA of the array substrate 20 1n a driver
mounting step. Accordingly, the liquid crystal panel 11 1s
manufactured. Next, each step will be explained 1n detail.
In the array substrate component forming step, the TFTs
24, the lines 26, 27, 33, 43, 44 and the 1insulation films 35, 37,
38, and the pixel electrodes 25 are formed with layered
sequentially on the mother glass MGS that 1s the array sub-
strate 20 with a known photolithography method. In the sub-
strate component forming step, when forming the gate lines
26, the first source driver side check lines 45 A, the gate driver
side check line 46, and the gate driver side check signal input
portions 48 are collectively formed 1n the non-display area
NAA (refer to FIGS. 9 and 10). When forming the source
lines 26, the second source driver side check line 45B and the
source driver side check signal input portions 47 are collec-
tively formed (refer to FI1G. 9). When forming the pixel elec-
trodes 25, the first line connection portions 49 and the third
line connection portions 51 are collectively formed (refer to
FIG. 12). When forming the TFTs 24, the protection circuit
TFTs 33a that configure the ESD protection circuit 33 are
collectively formed (refer to FIG. 13). Thus, in the array
substrate component forming step, 1n addition to the lines 26,
277, 33 1n the display area AA, the lines 43 to 47 and the line
connection portions 49-52 are formed 1n the non-display area
NAA, and therelfore, it can be said that the array substrate
component forming step includes a line forming step. After
forming the pixel electrodes 25, the alignment film 28 1is
formed and the alignment film 28 i1s subjected to photo-
alignment processing. In the photo-alignment processing,
ultraviolet rays are 1rradiated to the alignment film 28 from a
certain direction for a certain time period. Thus, 1t can be said
that the array substrate component forming step includes an
alignment forming step and a photo-alignment processing
step. In the CF substrate component forming step, aiter
sequentially forming the coloring sections 29 of the color
filter, the light blocking sections 30 and the counter electrodes
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31, the alignment film 32 1s formed, and the alignment film 32
1s subjected to the photo-alignment processing.

In the substrate bonding step, after one of the mother
glasses MGS 1s covered with a sealing agent and a liquid
crystal material 1s put thereon by drops, the other one of the
mother glasses MGS 1s bonded thereto and the sealing agent
1s hardened. In the cutting step (a substrate separation step), a
laser type cutting device with 1rradiating laser light or a
mechanical cutting device having a groove cutter 1s used to
cut the bonded mother glasses MGS 1nto a plurality of pieces
(nine 1n FIG. 15) and the liquid crystal panels 11 are obtained.

In the checking step, a backlight device for checking (not
illustrated) 1rradiates light to the liquid crystal panel 11. The
check signal mput portions 47, 48 that are arranged 1n the
non-display area NAA of the array substrate 20 are brought
into contact with a probe pin that 1s connected to a checking
device (not 1llustrated). Accordingly, check signals are input
from the checking device to the check lines 45, 46 via the
check signal mput portions 47, 48. The pair of first source
driver side check lines 45A are connected alternately to the
source lines 27. Therefore, 1n the checking step, a different
check signal 1s supplied to each of the adjacent source lines
277. Stmilarly, the pair of first gate driver side check lines 46
are connected alternately to the gate lines. Therefore, 1n the
checking step, a different check signal 1s supplied to each of
the adjacent gate lines 26. With the check signals being input
to the check lines, an 1mage displayed on the liquid crystal
panel 11 1s seen by an operator with his/her eyes or the
displayed 1mage 1s captured by an image sensor and pro-
cessed so as to check whether various defects caused by
disconnection or short-circuit are caused. Examples of such
defects include line defect, bright point defect, or dark point
defect. The protection circuit TFT's 53a of the ESD protection
circuit 53 that connects the adjacent source driver side check
signal input portions 47 has a threshold voltage value that 1s
greater than the voltage value related to the check signal.
Theretfore, when the check signal 1s input to the input portion,
the protection circuits TF'T's 53a are not driven and it 1s less
likely to occur that the same check signals are iput to all of
the source driver side check lines 45.

In the polarizing plate bonding step, aiter the polarizing
plate 23 with a laminator 1s adhered to an outer surface of each
ol the pair of glass substrates GS, the laminator 1s removed
from the polarizing plate 23. Therefore, in the polarizing plate
bonding step, ESD 1s likely to occur. The array substrate 20
includes the ESD protection circuit 53 that connects the adja-
cent source driver side check signal input portions 47, and all
ol the source dniver side check lines 45 are connected to the
source driver side check signal input portions 47 via the ESD
protection circuit 53. Therefore, 11 ESD occurs 1n the polar-
1zing plate bonding step, and accordingly, high voltage higher
than the threshold voltage value of the protection circuit TF'T's
53a 1s applied to any of the source driver side check signal
input portions 47, the protection circuit TF'Ts 53a of the ESD
protection circuit 53 are activated, as 1llustrated 1n FIG. 13,
and current flows between the adjacent source driver side
check signal input portions 47 via the ESD protection circuit
53. Accordingly, current flows through all the source driver
side check lines 45. This protects the TF'Ts 24 connected to
the source lines 27, the capacity stem lines 43, and the com-
mon lines 44 {from the high voltage.

In the chamiering step (the removing step), the component
arranged in the removing areca RA 1n the non-display area
NAA of the array substrate 20 included in the liquid crystal
panel 11 1s chamiered by a chamiering device (a removing,
device) such as a grinder. In chamiering, a corner portion of
the glass substrate GS of the array substrate 20 that 1s at an
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outer end of its mner surface (a line forming surface) side 1s
ground with a grinding material to be removed and the com-
ponents formed 1n the removing area RA are also removed. In
the chamifering step, among the components arranged 1n the
source driver SD side end portion of the non-display area
NAA ofthe array substrate 2, the first line connection portions
49 and the first source driver side check lines 45A that are
arranged on a relatively outer side are entirely removed, as
illustrated 1n FI1G. 9. The extended portions 275 of the source
lines 27, the first source driver side check lines 45A that are
arranged on a relatively inner side, the second source driver
side check line 45B and the source driver side check signal
input portions 47 are partially removed. Similarly, in the
chamiering step, among the components arranged 1n the gate
driver GD side end portion of the non-display areca NAA of
the array substrate 20, as illustrated 1n FIG. 10, the gate driver
side check line 46 1s entirely removed and the extended por-
tions 26 of the gate lines 26 and the gate driver side check
signal input portions 48 are partially removed. Accordingly,
the source lines 27 are electrically 1solated from the short-
circuit state by the first source driver side check liens 45A,
and the gate lines 26 are electrically 1solated from the short-
circuit state by the gate driver side check line 46.

During the performance of the chamiering step, external
light may enter the liquid crystal panel 11, however, the
polarizing plate 23 1s already adhered to the outer surface of
the liquid crystal panel 11. Therefore, the external light (espe-
cially, ultraviolet rays) 1s less likely to enter inside of the
liquid crystal panel 11 due to the polarizing plate 23, and
alignment restriction of the alignment films 28, 32 1s less
likely to be changed due to the external light (refer to FIG. 4).

In the driver mounting step, an anisotropic conductive film
1s coated over portions of the array substrate 20 in which the
source terminals 27a, the capacity terminals and the common
terminals 44a are formed, and the source driver SD 1s con-
nected to thereto with thermocompression bonding and the
source driver SD 1s fixed 1n the mounted state. Similarly, 1n
the driver mounting step, an anisotropic conductive film 1s
coated over portions of the array substrate 20 1n which the
gate terminals 26a are formed, and the gate driver GD 1s
connected to thereto with thermocompression bonding and
the gate driver GD 1s fixed 1n the mounted state.

As 1s explained before, the method of manufacturing the
array substrate (an element substrate) 20 of this embodiment
includes the line forming step, the checking step, and the
removing step. In the line forming step, the following forming
operations are performed. The source lines (first lines) 27 are
formed on the glass substrate (substrate) GS over the {first
region Al and the second region A2 that 1s located adjacent to
the first region A1 on an outer side. The first source driver side
check lines (first check lines) 45A are formed over the second
region and the third region A3 that 1s located adjacent to the
first region A1l on an outer side and adjacent to the second
region A2. The first line connection portions 49 that connect
the source lines 27 and the first source driver side check lines
45A are formed 1n the second region A2. The capacity stem
lines 43 (second line) and the common lines 44 (the second
line) are formed over the first region Al and the third region
A3. The second source driver side check lines (second check
lines) 45B, and the second line connection portions 50 that
connect the second source driver side check line 45B and the
capacity stem line 43 or the common line 44 are formed 1n the
third region A3. In the checking step, the check signal 1s input
to the first source driver side check lines 45A and the second
source driver side check line 45B to check the source lines 27
and the capacity stem lines 43 and the common lines 44. In the
removing step, at least a part of one of the first source driver
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side check lines 45A and the second source driver side check
line 45B 1s removed such that the source lines 27 1s discon-
nected from the first source driver side check lines 45A and
the capacity stem line 43 and the common lines 44 are dis-
connected from the second source driver side check line 45B.

Thus, after the lines 27, 43, 44 and the check lines 45A,

45B and the line connection portions 49, 50 are formed on the
glass substrate GS with the line forming step, the checking
step 1s performed to check whether disconnection or short
circuit occurs in the lines 27, 43, 44. After the checking step,
the removing step 1s performed such that at least a part of one
of the check lines 45A, 45B 1s removed to bring the lines 27
to be disconnected from the check lines 45A and the lines 43,
44 to be disconnected from the check line 45B.

In the line forming step, the first source driver side check
lines 45A are formed over an area ranging over the second
region A2 and the third region A3 on the glass substrate GS.
The first line connection portions 49 that connect the first
source driver side check lines 45A to the source lines 27 are
formed i the second region A2. The second source driver side
check line 45B and the second line connection portions 50
that are connected to the capacity stem line 43 and the com-
mon lines 44 are formed 1n the third region A3. Compared to
a case 1 which the second source driver side check line 45B
and the second line connection portions 50 are concentrated
in the same region as the first source driver side check lines
45A and the first line connection portions 49, a distance
between an outer end of the second region A2 and the third
region A4 and an outer end of the first region Al 1s reduced.
This reduces the second region A2 and the third region A3 1n
s1ze. Accordingly, the first region Al increases its size by the
decreased size of the second region A2 and the third region
A3. Namely, an outer shape of the glass substrate GS 1s
reduced 1n size. Accordingly, with the above manufacturing,
method, the outer peripheral area of the array substrate 20 1s
elfectively reduced.

In the line forming step, the first source driver side check
lines 45A are formed of the same material and formed 1n the
same layer. The second source driver side check line 45B 1s
made of different material from the first source driver side
check lines 45A and 1s formed 1n a different layer from the
first source driver side check lines 45A with having the gate
insulation film (the insulation layer) 35 therebetween.
Accordingly, the first source driver side check line 45A and
the second source driver side check line 45B are arranged to
partially overlap each other. The first source driver side check
lines 45 A and the second source driver side check line 45B are
arranged at high density and the second region A2 and the
third region A3 are effectively reduced in size.

In the line forming step, the source lines 27, the capacity
stem lines 43 and the common lines 44 are formed of the same
material and they are formed 1n the same layer as the second
source driver side check line 45B. The gate insulation film 35
has the opening 354 1n portions overlapping the source lines
2’7 or the first source driver side check lines 45 A. The first line
connection portions 49 connect the source lines and the first
source driver side check lines 45 that are formed 1n different
layers and the first line connection portions 49 are formed to

cover the openings 35q formed 1n the gate msulation film 35.
Thus, t

he source lines 27 and the first source driver side check
lines 45A that are formed in different layers are effectively
connected to each other. The capacity stem line 43, the com-
mon lines 44 and the second source driver side check line 45B
are Tormed of the same maternial and formed 1n the same layer,
and therefore they are effectively connected by the second
line connection portions 50.
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In the line forming step, the pixel electrodes 25 are formed
and the first line connection portions 49 are formed of the
same material as the pixel electrodes 25 and they are formed
in the same layer. Accordingly, the first line connection por-
tions 49 are formed 1n forming the pixel electrodes 25, and
this reduces a manufacturing cost.

In the line forming step, the ESD protection circuit 33 that
1s connected to the first source driver side check lines 45A and
the second source driver side check line 45B 1s formed.
Accordingly, the ESD protection circuit 53 protects the first
source driver side check lines 45A and the second source
driver side check line 45B from ESD (electrostatic dis-
charge).

In the line forming step, the protection circuit TFT's (tran-
sistors) 53a are formed as the ESD protection circuit 33. The
protection circuit TFTs 53a connect the first source driver
side check lines 45A each other and connect the first source
driver side check line 45A and the second source driver side
check line 45B. The protection circuit TFT's 33q has a voltage
threshold value that 1s relatively higher than the voltage value
of the check signal input to the first source driver side check
lines 45 A and the second source driver side check line 45B 1n
the checking step. Accordingly, when the check signal 1s input
to one of the first source driver side check lines 45A and the
second source driver side check line 45B 1n the checking step,
the voltage value of the check signal 1s relatively lower than
the voltage threshold value of the protection circuit TET 53a
of the ESD protection circuit 53. Therefore, the check signal
1s less likely to be supplied to another one of the first source
driver side check lines 45A and the second source driver side
check line 45B. Therefore, each of the lines 27, 43, 44 1s
checked normally. On the other hand, 1f an ESD Voltage
having a voltage value greater than the voltage threshold
value of the protection circuit TFT 33a 1s applied to any one
of the source driver side check lines 45A, 458, the ESD
voltage 1s applied to another source drive side check line 45 A,
458 via the protection circuit TF'T 33a. Accordingly, a poten-
tial difference 1s less likely to be generated between the
source driver side check lines 45A, 45B and the lines 27, 43,
44.

In the line forming step, at least one pair of the first source
driver side check lines 45 A that extend along an outer end of
the second region A2 are formed. The first line connection
portions 49 are arranged between at least one pair of first
source driver side check lines 45 A that are parallel to an outer
end of the second region A2 and the first line connection
portions 49 are arranged 1n the extending direction 1n which
the first source driver side check lines 45A. With this configu-
ration, a distance between an outer end of the second region
A2 and an outer end of the first region Al 1s further reduced
and this further reduces a size of the second region A2.

The method of manufacturing the array substrate (element
substrate) 20 of this embodiment includes a line forming step,
a checking step, and a removing step. In the line forming step,
tollowing operations are performed. The source lines (lines)
2’7 are Tormed on the glass substrate GS 1n the non-removing
areca NRA and the first removing area RA1 that 1s located
adjacent to the non-removing area NRA on an outer side. The
source driver side check lines (check lines) 45 are formed 1n
the first removing area RA1 and in the second removing area
RAZ2 that 1s adjacent to the non-removing area NRA on an
outer side and adjacent to the first removing area RA1. The
first line connection portions (line connection portions) 49
that connect the source lines 27 and the source driver side
check lined 45 are formed 1n the first removing area RA1. The
source driver side check signal iput portions (check signal
input portion) 47 that are connected to the source driver side
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check lines 45 are formed 1n the non-removing area NRA and
the second removing areca RA2. In the checking step, the
check signal 1s input to the source driver side check signal
input portions 47 to check the source lines 27 via the source
driver side check lines 45. In the removing step, at least a part
ol at least the source driver side check lines 45 and the first
line connection portions 49 are removed in the first removing
area RA1 and the second removing area RA2. Accordingly,
the source lines 27 are disconnected from the source driver
side check lines 45 and a part of the source driver side check
signal input portion 47 1s removed.

Thus, after the source lines 27, the source driver side check
lines 45, the first line connection portions 49, and the source
driver side check signal input portions 47 are formed on the
glass substrate GS with the line forming step, the checking
step 1s performed to check whether disconnection or short
circuit occurs 1n the source lines 27. After the checking step,
the removing step 1s performed such that at least a part of one
ol the source driver side check lines 45 and the first line
connection portions 49 are removed to bring the source lines
277 to be disconnected from the source driver side check lines
45 and a part of the source driver side check signal 1nput
portion 47 1s removed.

In the line forming step, the source driver side check lines
45 are formed over an area ranging over the first removing
area RA1 and the second removing area RA2 on the glass
substrate GS. The {first line connection portions 49 that con-
nect the source driver side check lines 45 to the source lines 27
are formed in the first removing area RA1. The source driver
side check signal mnput portions 47 that are connected to the
source driver side check lines 45 such that the check signals
are mputted thereto are formed 1n the second removing area
RA2. Compared to a case 1 which the source driver side
check signal mput portions 47 are concentrated 1n the same
region as the source driver side check lines 45 and the first line
connection portions 49, a distance between an outer end of the
first removing arca RA1 and the second removing area RA2
and an outer end of the non-removing area NRA 1s maintained
to be short. This reduces a size of an outer shape of the glass
substrate GS. Further, the source driver side check signal
input portion 47 extends from the first removing area RA1 to
the non-removing area NRA. Therelore, compared to a case
in which the source driver side check signal input portion 47
1s formed only 1n the first removing area RA1, the driver side
check signal mput portion 47 has a suflicient large area.
Accordingly, 1n the checking step, operability 1s improved in
inputting the check signals to the source driver side check
signal input portions 47, and this effectively reduces a cost for
equipments required for the checking step.

The method of manufacturing the array substrate (element
substrate) 20 of this embodiment includes a line forming step,
a checking step, and a removing step. In the line forming step,
the following operations are performed. At least a pair of gate
lines (a pair of lines) 26 are formed 1n the display area (an
inner peripheral area) AA of the glass substrate GS and 1n a
pair of non-display areas (outer peripheral areas) NAA that
are located to sandwich the display area AA from two outer
ends. In one of the pair of non-display areas NAA, one gate
driver side check line (one check line) 46 that 1s connected to
one end of one of the at least pair of gate lines (one line) 26 1s
formed. In another one of the pair of non-display areas NAA,
another gate driver side check line (another line) 46 that is
connected to another end of another one of the at least pair of
gate lines (another line) 26 1s formed. In the checking step, the
check signals are mput to the gate driver side check line 46
and the other gate driver side check line 46 to check the at
least pair of gate lines 26. In the removing step, 1n the pair of
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non-display areas NAA, at least a part of the gate driver side
check line 46 and a part of the other gate driver side check line
46 are removed such that the one gate line 26 1s disconnected
from the gate driver side check line 46 and the other gate line
26 1s disconnected from the other gate driver side check line

46.

Thus, after the gate lines 26 and the gate driver side check
lines 46 are formed on the glass substrate GS with the line
forming step, the checking step 1s performed to check
whether disconnection or short circuit occurs 1n the gate lines
26. After the checking step, the removing step 1s performed
such that at least a part of each of the gate driver side check
lines 46 1s removed to bring the gate lines 26 to be discon-
nected from the gate driver side check lines 46.

In the line checking step, the gate driver side check line 46
that 1s connected to one ends of the one of the pair of gate lines
26 1s formed 1n one of the pair of non-display areas NAA that
sandwich the display area AA of the glass substrate GS from
both sides. The other gate driver side check line 46 that 1s
connected to the other ends of the other one of the pair of gate
lines 26 1s formed 1n the other one of the pair of non-display

arcas NAA. If the two gate driver side check lines 46 are
concentrated 1n either one of the non-display areas NAA, the
connection configurations between the gate driver side check
lines 46 and the gate lines are likely to be complicated. Com-
pared to such complicated configurations, 1n the present
embodiment, the connection configurations between each
gate driver side check line 46 and each gate line 26 are
simplified and the distance between the outer end of each
non-display area NAA and the outer end of the display area
AA 1s maintained to be short. Accordingly, each non-display
area NAA 1s reduced 1n 1ts size and therefore, the display area
AA 1s 1increased 1n 1ts size by the reduced area of the non-
display arecas NAA. Namely, a size of the outer shape of the
glass substrate GS 1s reduced.

In the chamiering step, a part of the glass substrate GS that
ranges a predetermined area from the outer end 1s chamftered.
Accordingly, compared to a case 1n which the outer end side
portion of the glass substrate GS 1s cut away 1n the removing
step, the second region A2, the third region, the first removing
area RA1, the second removing areca RA2, or the non-display
area NAA 1s eflectively reduced in the glass substrate GS.
Also, a cost for a device used 1n the removing step 1s reduced.

The polarizing plate mount step in which the polarizing
plate 23 1s mounted on the surface of the glass substrate GS
that 1s opposite to the line forming surface 1s performed prior
to the removing step. Accordingly, 1 the polarizing mount
step, static electricity 1s easily generated in mounting the
polarizing plate 23, however, the lines are protected from the
ESD (electrostatic discharge) by the check lines that are
arranged on the glass substrate GS.

The first embodiment of the present invention 1s described
betfore, however, the present ivention 1s not limited to the
above embodiment described in the above description and the
drawings. The following modifications are also included 1n
the technical scope of the present mnvention, for example. In
the following modifications, the same symbols or numerals as
t
t

ne above embodiment are applied to the same components as
ne above embodiment and such components will not be
explained or illustrated in drawings.

First Modification of First Embodiment

A first modification of the first embodiment will be
explained with reference to FI1G. 16. The arrangement of first
line connection portions 49-1 1s altered.
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As 1llustrated 1n FIG. 16, according to this modification,
some of the first line connection portions 49-1 are arranged
between a pair of {irst source driver side check lines 45A-1
with respect to the Y-axis direction and some of them are
arranged on an 1nner side of the first source driver side check
line 45A-1 that 1s located relatively on an inner side. Namely,
some of the first line connection portions 49-1 are arranged on
a relatively iner side with respect to the Y-axis direction and
some of them are arranged on a relatively outer side with
respect to the Y-axis direction. The first line connection por-
tions 49-1 are arranged to sandwich the first source driver side
check line 45A-1 that 1s arranged on a relatively 1nner side.
The relatively outer side first source driver side check line
45-A 1s connected to the relatively outer side first line con-
nection portions 49-1, and the relatively inner side first source
driver side check line 45A-1 1s connected to the relatively
inner side first line connection portions 49-1. With such a
configuration, the relatively inner side first line connection
portions 49-1 and the relatively outer side first line connection
portions 49-1 partially overlap with respect to the X-axis
direction. Therefore, the first line connection portions 49-1
are arranged at small intervals 1n the X-axis direction, and this
reduces an arrangement space for the first line connection
portions 49-1 and eventually reduces the second region A2 in
the X-axis direction.

As explained above, according to the modification, 1n the
line forming step, at least a pair of first source driver side
check lines 45A-1 are formed to be parallel to an outer end of
the second region as a plurality of first source driver side
check lines 45A-1. A plurality of first line connection portions
49-1 are formed to sandwich one of the pair of first source
driver side check lines 45 A-1 that are parallel to the outer end
of the second region A2. With such a configuration, the plu-
rality of first line connection portions 49-1 are arranged at
small intervals with respect to an extending direction in which
at least the pair of first source driver side check lines 45A-1
parallel to the outer end of the second region A2 extend.
Theretore, the second region A2 1s reduced 1n its size with

respect to the extending direction 1 which the pair of first
source driver side check lines 45A-1 extend.

Second Modification of First Embodiment

A second modification of the first embodiment will be
explained with reference to FI1G. 17. The arrangement of first
line connection portions 49-2 1s further altered from that of
the first modification of the first embodiment.

As 1llustrated 1n FIG. 17, according to this modification,
some of the first line connection portions 49-2 are arranged
between a pair of first source driver side check lines 45A-2
with respect to the Y-axis direction and some of them are
arranged on an outer side of the first source driver side check
line 45A-2 that 1s located relatively on an outer side. Namely,
some of the first line connection portions 49-2 are arranged on
a relatively inner side with respect to the Y-axis direction and
some of them are arranged on a relatively outer side with
respect to the Y-axis direction. The first line connection por-
tions 49-2 are arranged to sandwich the first source driver side
check line 45A-2 that 1s arranged on a relatively outer side.
With such a configuration, the same etlects as the first modi-
fication of the first embodiment are obtained.

Third Modification of First Embodiment

A third modification of the first embodiment will be
explained with reference to FI1G. 18. The arrangement of first
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line connection portions 49-3 1s further altered from that of
the first modification of the first embodiment.

As 1llustrated in FIG. 18, according to this modification,
some of the first line connection portions 49-3 are arranged on
a relatively outer side from the first source driver side check
line 45 A-3 that 1s arranged on a relatively outer side and some
of them are arranged on a relatively inner side from the first
source driver side check line 45A-3 that 1s arranged on a
relatively inner side. Namely, some of the first line connection
portions 49-3 that are arranged on a relatively inner side with
respect to the Y-axis direction and some of them are arranged
on a relatively outer side. The first line connection portions
49-3 are arranged to sandwich collectively the pair of first
source driver side check lines 45A-3 therebetween from the
inner and outer sides with respect to the Y-axis direction. With
such a configuration, the same etlects as the first modification
of the first embodiment are obtained.

Fourth Modification of First Embodiment

A fourth modification of the first embodiment will be
explained with reference to FI1G. 19. A configuration of first
source driver side check lines 45A-4 and a connection struc-
ture of the first source driver side check lines 45A-4 and
source lines 27-4 are altered from the first modification of the

first embodiment.

As 1illustrated in FIG. 19, according to this modification,
one of the pair of first source driver side check lines 45A-4
that 1s arranged on a relatively outer side 1s formed of the same
material as the source lines 27-4 and they are formed 1n the
same layer in the same step of the manufacturing process.
Theretfore, the relatively inner side first source driver side
check line 45A-4 1s connected to extended portions 275-4 of
the source lines 27-4 that are formed in a different layer via
the first line connection portions 49-5 similar to the first
embodiment. The relatively outer side first source driver side
check line 45A-4 1s directly connected to the extended por-
tions 27b-4 of the source lines 27-4 that are formed 1n the
same layer. Specifically, the extended portions 275-4 of the
source lines 27-4 are extended to reach the relatively outer
side first source driver side check line 45A-4 to be connected
thereto. This stmplifies the connection configuration between

the first source driver side check lines 45A-4 and the source
lines 27-4.

Fitth Modification of First Embodiment

A fifth modification of the first embodiment will be
explained with reference to FI1G. 20. The arrangement of first
source driver side check lines 45A-5 1s altered further from
the first modification of the first embodiment.

As 1llustrated i FI1G. 20, according to this modification, a
pair of first source driver side check lines 45A-5 are arranged
to overlap each other with a plan view. As 1s explained 1n the
fourth modification of the first embodiment, the relatively
outer side first source driver side check line 45A-5 and the
relatively inner side first source driver side check line 45A-5
are formed 1n different layers, and a gate msulation film (not
illustrated) 1s arranged therebetween. Therefore, the rela-
tively iner side first source driver side check line 45A-5 and
the relatively outer side first source driver side check line
45A-5 that 1s arranged 1n the upper layer are arranged to
overlap each other. With such a configuration, the arrange-
ment space for the first source driver side check line 45A-5 1s
reduced 1n the Y-axis direction and the second region A2 1s
further reduced 1n size.
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Second Embodiment

A second embodiment of the present invention will be
explained with reference to FIG. 21. In the second embodi-
ment, the arrangement of the gate driver side check line 146 1s
altered. Configurations, operations, and effects same as those
in the first embodiment will not explained.

As 1llustrated in FIG. 21, an array substrate 120 of this
embodiment includes common lines (second line 9) 144 that
are Tformed 1n an end portion of the non-display area NAA
close to the gate driver GD side. The common lines 144 are
arranged adjacent to the gate lines 126 1n the Y-axis direction,
and the gate lines 136 are arranged in the Y-axis direction.
Most of a middle portion of the common line 144 extends 1n
the Y-axis direction and two ends of the common line 144 are
bent outwardly and extend to the connection portions of the
gate driver GD. The end of the common line 144 has a com-
mon terminal 144q that 1s connected to the gate driver GD.
The common line 144 1s formed of the same material as the
gate lines 126 and they are formed 1n a same layer 1n the same
step of the manufacturing process.

Gate driver side check lines 146 include a first gate driver
side check line (one check line or another check line) 146 A
that 1s connected to the gate lines 126 (lines) and a second gate
driver side check line (second check line) 1468 that 1s con-
nected to the common lines 144. Each of the first gate driver
side check line 146 A and the second gate driver side check
line 146B linearly extends along the Y-axis direction. They
are arranged on a substantially same position with respect to
the X-axis direction, that 1s, they are arranged on a substan-
tially a same line (adjacent to each other 1n the Y-axis direc-
tion). The second gate drive side check line 146B 1s formed of
the same material as the gate lines 126 and the first gate driver
side check line 146 A and they are formed 1n the same layer in
the same step of the manufacturing process. The second gate
driver side check line 146B 1s connected directly to the
extended portions 1445 that 1s extended outwardly from the
common terminal 144a of the common line 144. Agate driver
side check signal input portion 148 includes a first gate driver
side check signal mnput portion 148A and a second gate driver
side check signal 1input portion (removal check signal input
portion) 148B. The second gate driver side check signal input
portion 148B 1s formed of the same maternal as the gate lines
126 and the first gate driver side check signal mput portion
148A, and they are formed 1n the same layer 1n the same step
of the manufacturing process. The second gate driver side
check signal input portion 148B 1s connected directly to the
branch lines 146Ba that extend inwardly from the second gate
driver side check line 146B. Accordingly, in the checking
step, a check signal 1s mput to the second gate driver side
check line 146B and the common lines 144 via the second
gate driver side check signal input portions 148B to check the
common lines.

The first gate driver side check line 146A and the second
gate driver side check line 146B are formed as described 1n
FIG. 21 before cutting the mother glass MGS and obtaining
the glass substrates GS therefrom. In FIG. 21, the first gate
drive side check line 146 A and the second gate driver side
check line 146B are formed to cross a separation position (an
outer shape, an outer end) of the glass substrate GS repre-
sented by a bold alternate longer and short dash line. Namely,
before cutting the glass substrate GS, each of the first gate
driver side check line 146 A and the second gate driver side
check line 146B has a line width that 1s greater than the line
width after cutting the glass substrate GS. In FI1G. 21, the line
width before cutting 1s approximately twice as that after cut-
ting. After cutting the glass substrate GS, the first gate driver
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side check line 146 A and the second gate driver side check
line 1468 are also located on an outer end of the glass sub-
strate GS. Before cutting the glass substrate GS, the first gate
driver side check line 146A and the second gate driver side
check line 146B are connected to each other by the check line
connection portions 54. The check line connection portions
54 are located on an outer side from the cutting position of the
mother glass BGS for obtaining glass substrates GS. The
check line connection portions 54 are arranged outside of the
first gate driver side check line 146 A and the second gate
driver side check line 146B. Therefore, entire areas of the
check line connection portions 54 are removed after cutting
the mother glass MGS to obtain the glass substrates GS. With
the above configurations, before cutting and obtaining the
glass substrates GS, the gate driver side check line 146 has
wiring resistance smaller than that after cutting and obtaining
the glass substrates GS. Therefore, even 1f ESD 1s generated
during the manufacturing process and high voltage 1s applied
to the gate driver side check lines 146, the TFT's 24 and the
common lines 144 that are connected to the gate lines 126 are
protected from the high voltage.

In this embodiment, a chamfering checking step (removal
check step) 1s performed to check whether an actual cham-
tered area (removing area) of an array substrate 120 after the
chamiering step (the removing step) 1s correct. In FIG. 21, a
border between the removing area RA and the non-removing
areca NRA 1s illustrated by two parallel alternate long and
short dash lines (having a line width thinner than the longer
and short dash line representing the separation position of the
glass substrate GS). One of the two alternate long and short
dash lines that 1s on a relatively inner side represents an
allowable maximum area of the removing arca RA and
another one thereof that1s on a relatively outer side represents
an allowable minimum area of the removing areca RA.
Removal check signal input portions 55 that are used in the
chamiering checking step 1s formed 1n the non-removing area
NRA of the array substrate 120. The removal check signal
input portions 33 are arranged along the Y-axis direction with
respect to the second gate driver side check signal input
portion 148B. The removal check signal input portions 55
include a first removal check signal mput portion 55A and a
second removal check signal input portion 55B. The first
removal check signal input portion S5A 1s located adjacent to
the second gate driver side check signal mput portion 148B
and the second removal check signal mput portion 55B is
located adjacent to the first removal check signal input por-
tion S5A. The first removal check signal input portion 55A,
the second removal check signal input portion 55B, and the
second gate driver side check signal input portion 148B are
arranged such that outer ends thereof 1n the X-axis direction
are on a substantially same plane and align with the alternate
long and short dash line representing the allowable maximum
area of the removing area RA (the mner one of the two thin
alternate long and short dash lines). Each of the first removal
check signal input portion S5 A and the second removal check
signal mput portion 35B 1s formed 1n substantially a square
shape with a plan view and has an area substantially equal to
an area ol the second gate driver side check signal 1nput
portion 148B.

The first removal check signal input portion 55A and the
second gate driver side check signal input portion 148B are
connected to each other by a first removal check connection
line 56. The first removal check signal input portion 35A and
the second removal check signal mput portion 55B are con-
nected to each other by a second removal check connection
line 57. The first removal check connection line 56 extends
along the Y-axis direction and 1s connected to an outer end of
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cach of the second gate driver side check signal input portion
148B and the first removal check signal input portion SSA 1n
the X-axis direction. An entire area of the first removal check
connection line 56 1s located between the alternate long and
short dash line representing the allowable maximum area of >
the removing area RA and the alternate long and short dash

lien representing the allowable minimum area. On the other
hand, the second removal check connection line 57 1s formed
in substantially a ring shape that connects outer ends of the
first removal check signal iput portion 35A and the second
removal check signal input portion 35B 1n the X-axis direc-
tion. A pair of parts of the second removal check connection
line 57 extending along the X-axis direction cross the alter-
nate long and short dash line representing the allowable maxi-
mum area of the removing area RA and the alternate long and
short dash line representing the allowable minimum area. A
part of the second removal check connection line 57 extend-
ing along the Y-axis direction 1s arranged outside of the alter-
nate long and short dash line representing the allowable mini- ¢
mum area.

With such a configuration, if the removal area of the array
substrate 120 is correct in the chamiering step and the border
between the non-removing area NRA and the removing area
RA 1s located between the two thin alternate long and short 25
dash lines 1illustrated 1in FIG. 21, the second removal check
connection line 57 1s disconnected. However, the first
removal check connection line 56 1s not disconnected and the
second gate driver side check signal input portion 148B and
the firstremoval check signal input portion 35 A are keptinthe 30
connected state. Therefore, 1n the chamfering checking step,
if a current flows between the second gate driver side check
signal input portion 148B and the first removal check signal
input portion 55A and a current does not flow between the
first removal check signal input portion 35A and the second 35
removal check signal input portion 53B, it 1s judged that the
chamfiering step 1s correctly performed.

On the other hand, 1n the cham{iering step, 1f the removing,
area of the array substrate 120 1s too large (excessive), the
border between the non-removing area NRA and the remov- 40
ing area RA 1s located on an inner side from the inner one of
the two thin alternate long and short dash lines 1llustrated in
FI1G. 21. Therefore, the first removal check connection line 56
and the second removal check connection line 57 are discon-
nected. Accordingly, 1n the chamiering checking step, i a 45
current does not flow between the second gate driver side
check signal input portion 148B and the first removal check
signal imnput portion 55A and a current does not flow between
the first removal check signal mput portion 55A and the
second removal check signal mput portion 55B, it 1s judged 50
that the removing area in the chamifering step 1s too large.

Further, 1f the removing area RA of the array substrate 120
1s too small (insuificient) 1n the chamiering step, the border
between the non-removing areca NRA and the removing area
RA 1s located on an outer side from the outer one of the two 55
thin alternate long and short dash lines 1llustrated 1n FIG. 21.
Therefore, the first removal check connection line 56 and the
second removal check connection line 37 are not discon-
nected. Accordingly, the second gate driver side check signal
input portion 148B and the first removal check signal input 60
portion 55 A are kept in a connected state and the first removal
check signal input portion 35A and the second removal check
signal input portion 55B are kept in a connected state. There-
fore, in the chamifering checking step, 1 a current flows
between the second gate driver side check signal input portion 65
1488 and the first removal check signal input portion 55A and
a current flows between the first removal check signal input
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portion 55A and the second removal check signal input por-
tion 558, 1t1s judged that the removing area 1n the chamiering

step 1s too small.

As explained above, according to this embodiment, a sub-
strate cutting step 1s performed between the line forming step
and the checking step to cut the mother glass (substrate parent
material) MGS 1nto pieces and obtain a plurality of glass
substrates GS. In the line forming step, one of the one gate
driver side check line 146 and the other gate driver side check
line 146 1s formed to cross the cutting position for the glass
substrates GS 1n the substrate cutting step. Accordingly,
betfore performing the substrate cutting step, the gate driver
side check line 146 that 1s formed to cross the cutting position
on the mother glass MGS for the glass substrates GS has a
suificient large width and has a low wiring resistance, and this
1s effective for dealing with the ESD (electrostatic discharge).
After the substrate cutting step, the gate driver side check line
146 1s located on an outer end of the non-display area NAA.
Theretore, the gate driver side check line 146 has a sufficient
large width and this 1s effective for dealing with the ESD.

In the line forming step, lines are formed as follows. The
common line 144 1s formed in at least one of the pair of
non-display areas NAA. The second gate driver side check
line 1468 that 1s connected to the common line 144 1s formed
to cross the cutting position for the glass substrates GS 1n the
substrate cutting step. The check line connection portion 54
that 1s connected to the first gate driver side check line 146 A
and the second gate driver side check line 146B 1s formed 1n
an outer side area from the cutting position for the glass
substrates GS 1n the substrate cutting step. In the substrate
cutting step, the check line connection portion 54 1s removed
from the glass substrate GS according to the cutting of the
mother glass MGS to obtain glass substrates GS. Accord-
ingly, before performing the substrate cutting step, the first
gate driver side check line 146 A and the second gate driver
side check line 146B that are formed to cross the cutting
position for the glass substrate GS are connected to each other
via the check line connection portions 54. This lowers wiring
resistance 1n the first gate driver side check line 146 A and the
second gate driver side check line 146B that are connected to
cach other. Thus 1s further effective for dealing with the ESD.

In the line forming step, the removal check signal 1nput
portions 55 are formed in a part of the glass substrate GS that
1s not to be removed 1n the removing step, and the removal
check connection line 57 that connects the removal check
signal input portions 35 are formed 1n the position of the glass
substrate GS that 1s to be removed 1n the removing step. After
performing the removing step, the removal checking step 1s
performed to judge whether the removing step 1s performed
correctly based on a current flowing state between the
removal check signal input portions 55. Accordingly, if the
removing step 1s performed correctly, the removal check con-
nection line 57 1s removed, and therefore a current does not
flow between the removal check signal input portions 55 1n
the removal checking step. On the other hand, if the removing
step 1s not preformed correctly, the removal check connection
line 57 1s not completely removed, and therefore a current
flows between the removal check signal 1input portions 535 1n
the removal checking step. Performing such removal check-
ing step reduces the number of defective products.

Third Embodiment

A third embodiment of the present mmvention will be
explained with reference to FIG. 22. In the third embodiment,
an extended line 58 1s formed 1n a source driver SD side end

portion 1n the non-display area NAA of an array substrate



US 9,276,019 B2

35

220, and a second source driver side check line 245B {or
checking the extended line 58 1s formed. The configurations,
operations, and eflects same as the first embodiment will not
be explained.

As 1llustrated 1n FI1G. 22, the extended line (auxiliary line)
58 1s formed 1n the source driver SD side end portion of the
non-display area NAA of the array substrate 220. I a source
line 227 1s disconnected, the disconnection 1s repaired with
the extended line 58. The extended line 58 1s arranged adja-

cent to a common line 244 and almost parallel to the common
line 244. An extended terminal 58a 1s formed on one end of
the extended line 58 and the extended terminal 58a 1s con-
nected to the source driver SD. The extended terminal 58a 1s
arranged adjacent to a common terminal 244a. The extended
line 58 1s formed of the same material as the common line 244
and the source line 227 and they are formed 1n the same layer
in the same step of the manufacturing process. As 1s not
illustrated 1n the drawings, another end of the extended line 58
1s connected to a line that extends 1n the X-axis direction to
cross the source lines 27 and 1s formed 1n the same layer as the
gate lines 26. An overlap portion of the line and the discon-
nected source line 227 1s short-circuited and a signal 1s sup-
plied to the disconnected source line 227 via the extended line
58.

The second source driver side check lines 245B and the
second source driver side check signal mput portions 2478
are connected to the common line 244 and the extended line
58, respectively. The second source driver side check line
2458 that 1s connected to the extended line 58 1s formed 1n an
[-shape as a whole so as to extend from the extended terminal
58a outwardly 1n the Y-axis direction and extend in the X-axis
direction. The second source driver side check signal mnput
portion 2478 that 1s connected to the extended line 58 1s
arranged between the extended terminal 58a and the first
source driver side check signal mput portion 247A that 1s
connected to the first source driver side check line 245 A that
1s arranged on a relatively inner side. Namely, the first source
driver side check signal input portions 247 A and the second
source driver side check lines 245B are arranged alternately
in the X-axis direction.

Further, 1n this embodiment, the source lines 227, the com-
mon line 244, and the extended line 58 that are connected to
cach of the source drivers SD are defined into two groups, and
the source driver side check lines 245 and the source driver
side check signal input portions 247 are arranged for each
group. Namely, the number of the source driver side check
lines 245 and the source driver side check signal input por-
tions 247 arranged for each source driver SD 1s twice as that
in the first embodiment. Specifically, four first source driver
side check signal input portions 247A and four second source
driver side check signal input portions 247B are arranged 1n
the X-axis direction in the third region A3 of the non-display
area NAA. Eight source driver side check signal input por-
tions 247 1n total are connected to each other by ESD protec-
tion circuits 253. Four first source driver side check lines
245A and four second source driver side check lines 245B are

arranged to be symmetrical in FIG. 22 and cross the second
region A2 and the third region A3.

Fourth Embodiment

A fourth embodiment of the present invention will be
explained with reference to FIG. 23. In the fourth embodi-
ment, the number of first source driver side check lines 345A
1s altered. The configurations, operations, and efiects that are
same as those 1n the first embodiment will not be explained.
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As 1llustrated in FIG. 23, three first source driver side check
lines 345 A are arranged for a group of the source lines 327.
The three first source driver side check lines 345 A includes
one that 1s arranged on the outer side 1n the second range A2
with respect to the Y-axis direction, one that 1s arranged on the
inner side 1n the second range A2 with respect to the Y-axis
direction, and one that 1s arranged 1n the middle. The source
lines 327 included 1n the group of the source lines 327 are
connected alternately to the three first source driver side
check lines 345A. Specifically, among the group of the source
lines 327, the first source line 327 from the left side 1n FIG. 23
1s connected to the outer side first source driver side check line
345A, and the second source line 327 from the left side 1s
connected to the middle first source driver side check line
345A, and the third source line 327 from the left side 1s
connected to the inner first source driver side check line
345 A, and the fourth source line 327 1s connected to the outer
first source driver side check line 345A. Namely, if “n™ 1s a
natural number, the outer first source driver side check line
345 A 1s connected to the (3n-2)th source lines 327, and the
middle first source driver side check line 3435 A 1s connected to
the (3n-1)th source lines 327, and the inner first source driver
side check line 345A i1s connected to the 3nth source lines
327.

Each source line 327 i1s connected to each of the TFTs 24
that are connected to the pixel electrodes 25 that face the
coloring sections 29 of three colors R, G, and B of the color
filter on the CF substrate 21 side (refer to FIG. 4). Therelore,
the source lines 327 are defined into source lines 327R {for
R-pixels, source lines 327G for G-pixels, and source lines
327B for B-pixels. The three first source driver side check
liens 345 A are connected to the source lines 327R for R-pix-
¢ls, the source liens 327G for G-pixels, and the source lines
327B for B-pixels, respectively. For example, the outer first
source driver side check line 345 A 1s connected to the source
lines 327R for R-pixels, and the middle first source driver side
check line 345A 1s connected to the source lines 327G {for
G-pixels, and the mner first source driver side check line
345A 1s connected to the source lines 3278 for B-pixels.
Therefore, 1n the checking step, a check signal 1s 1ndepen-
dently input to each of the three first source driver side check
lines 345 A such that the checking 1s performed by displaying
an 1mage of a single color on the liquid crystal panel 11.
Speciﬁcally, if a check signal for white display (for example,
a maximum gradation value) 1s 1nput to the outer first source
driver side check line 345A and a check signal for black
display (for example, a mimmimum gradation value) 1s input to
the other first source driver side check lines 345 A, ared single
colored 1mage 1s displayed on the liqud crystal panel 11. If
the check signal for white display 1s input to the middle first
source driver side check line 345 A and the check signal for
black display 1s mput to other first source driver side check
lines 345A, a green single colored 1image 1s displayed on the
liquid crystal panel 11. If the check signal for white display 1s
input to the inner first source driver side check line 345A and
the check signal for black display 1s input to other first source
driver side check lines 345A, a blue single colored image 1s
displayed on the liquid crystal panel 11.

Next, arrangement of first line connection portions 349 that
connect the first source driver side check lines 345A and the
source lines 327 will be explained. The first line connection
portions 349 that connect the outer first source driver side
check line 345A and the source lines 327 are arranged on an
outer side from the outer first source driver side check line
345 A with respect to the Y-axis direction. The first line con-
nection portions 349 that connect the middle first source
driver side check line 345 A and the source lines 327 and the
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first line connection portions 349 that connect the 1inner first
source driver side check lines 345A and the source lines 327
are arranged between the middle first source driver side check
line 345 A and the inner first source driver side check line
345 A with respect to the Y-axis direction and arranged 1n the
X-axis direction to overlap each other in the Y-axis direction.

The fourth embodiment of the present nvention 1s
described before, however, the present invention 1s not lim-
ited to the above embodiment described 1n the above descrip-
tion and the drawings. The following modifications are also
included 1n the technical scope of the present invention, for
example. In the following modifications, the same symbols or
numerals as the above embodiment are applied to the same
components as the above embodiment and such components
will not be explained or 1llustrated in drawings.

First Modification of Fourth Embodiment

A first modification of the fourth embodiment will be
explained with reference to FI1G. 24. Arrangement of first line
connection portions 349-1 1s different from that of the fourth
embodiment.

As 1llustrated 1n FIG. 24, the first line connection portions
349-1 of this modification are arranged between adjacent first
source driver side check lines 345A-1. Specifically, the first
line connection portions 349-1 that connect the outer {first
source driver side check line 345A-1 and the source lines
327-1 and the first line connection portions 349-1 that con-
nect the middle first source driver side check line 345A-1 and
the source lines 328-1 are arranged between the outer first
source driver side check line 345A-1 and the middle first
source driver side check line 345A-1 with respect to the
Y-axis direction and arranged 1n the X-axis direction to over-
lap each other with respect to the Y-axis direction. The first
line connection portions 349-1 that connect the inner first
source driver side check line 345A-1 and the source lines
327-1 are arranged between the middle first source driver side
check line 345A-1 and the 1nner first source driver side check
line 345A-1 with respect to the Y-axis direction.

Second Modification of Fourth Embodiment

A second modification of the fourth embodiment will be
explained with reference to FI1G. 25. Arrangement of {irst line
connection portions 349-2 is altered from that of the fourth
embodiment.

As 1llustrated 1n FIG. 25, the first line connection portions
349-2 of this modification do not overlap each other with
respect to the Y-axis direction. Specifically, the first line con-
nection portions 349-2 that connect the outer first source
driver side check line 345A-2 and the source lines 327-2 are
arranged on an outer side from the outer first source driver
side check line 345A-2 with respect to the Y-axis direction.
The first line connection portions 349-2 that connect the
middle first source driver side check line 345A-2 and the
source lines 327-2 are arranged between the outer first source
driver side check line 345A-2 and the middle first source
driver side check line 345 A-2 with respect to the Y-axis direc-
tion. The first line connection portions 349-2 that connect the
inner first source driver side check line 345A-2 and the source
lines 327-2 are arranged between the middle first source
driver side check line 345 A-2 and the 1nner first source driver

side check line 345A-2.

Third Modification of Fourth Embodiment

A third modification of the fourth embodiment will be
explained with reference to FIG. 26. A configuration of first
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source driver side check lines 345-A and a connection struc-
ture between the first source driver side check lines 345-A and
source lines 327-3 are altered from the second modification of
the fourth embodiment.

Among the three first source driver side check lines 345 A -
3, an outer first source driver side check line 345A-3 1s formed
of the same material as the source lines 327-3 and formed 1n
the same layer as the source lines 327-3 in the same step 1n the
manufacturing process, as illustrated in FIG. 26. Therelfore,
other two first source driver side check lines 345A-3 are
connected via the first line connections 349-3 to extended
portions 3275-3 of the source lines 327-3 that are formed 1n a
different layer from the two first source driver side check lines
345A-3. The outer first source driver side check line 345A-3
1s connected directly to the extended portions 3275-3 of the
source lines 327-3 that are formed 1n the same layer as the
outer first source driver side check line 345A-3. Specifically,
the extended portions 3275-3 of the source lines 327-3 extend
to the outer first source driver side check line 345A-3 to be
connected thereto. This simplifies the connection structure of

the first source driver side check lines 345A-3 and the source
lines 327-3.

Fourth Modification of Fourth Embodiment

A Tourth modification of the fourth embodiment will be
explained with reference to FIG. 27. An arrangement of {irst
line connection portions 349-4 is altered from that of the third
modification of the fourth embodiment.

In this modification, first line connection portions 349-4
that connect the middle first source driver side check line
345A-4 and the source lines 327-4 and the first line connec-
tion portions 349-4 that connect the 1nner first source driver
side check line 345A-4 and the source lines 327-4 are
arranged between the middle first source driver side check
line 345A-4 and the 1nner first source driver side check line
345A-4 with respect to the Y-axis direction and arranged 1n
the X-axis direction to overlap each other with respect to the
Y-axis direction.

Fifth Embodiment

A fifth embodiment of the present mvention will be
explained with reference to FIG. 28. In the fifth embodiment,
power source lines 59, clock lines 60, and ground lines 61 are
arranged 1n the non-display area NAA of an array substrate
420. The configurations, operations, and eifects that are same
as the first embodiment will not be explained.

As 1llustrated 1n FIG. 28, the power source lines 39, the
clock lines 60, and the ground lines 61 are arranged 1n a corner
portion of the non-display area NAA of the array substrate
420 according to this embodiment. A power source potential,
a clock signal, and a ground potential are supplied from the
source driver SD to the gate driver GD via the power source
lines 59, the clock lines 60, and the ground lines 61, respec-
tively. Each of the power source line 59, the clock line 60, and
the ground line 61 1s formed 1n an L-shape as a whole and
formed to extend from the connection portion of the source
driver SD to the connection portion of the gate driver GD. The
power source line 39 has a gate driver side power source
terminal 59q at its gate driver GD side end, and the clock line
60 has a gate driver side clock terminal 60a at its gate driver
GD side end, and the ground line 61 has a gate driver side
ground terminal 61a at 1ts gate driver GD side end. The power
source line 39 has a source driver side power source terminal
595 at 1ts source driver SD side end, and the clock line 60 has
a source driver side clock terminal 605 at 1ts source driver SD
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side end, and the ground line 61 has a source driver side
ground terminal 615 at 1ts source driver SD side end. The
power source lines 59, the clock lines 60, and the ground lines
61 are formed of the same material as the source lines 427 and
formed 1n the same layer as the source lines 427 1n the same
step of the manufacturing process. In FIG. 28, two power
source lines 59, two clock lines 60, and one ground line 61 are
illustrated.

Check lines 62 to 64 are arranged in the corner portion of
the non-display area NAA of the array substrate 420. The
check lines 62 to 64 are used to check whether disconnection
or short-circuit 1s caused in the power source lines 39, the
clock lines 60, and the ground lines 61. The check lines 62 to
64 1nclude first check lines 62 and second check lines 63, 64.
The first check lines 62 are formed of the same material as the
source lines 427 and they are formed 1n the same step of the
manufacturing process. The second check lines 63, 64 are
formed of the same material as the pixel electrodes 25 and
they are formed in the same step of the manufacturing pro-
cess. On the other hand, check signal input portions 65 are
formed in the corner portion of the non-display area NAA of
the array substrate 420. The check signal input portions 63 are
connected to the check lines 62 to 64 and check signals are
input via the check signal mput portions 635. Three check
signal input portions 65 are formed of the same material as the
source lines 427 and they are formed in the same layer in the
same step of the manufacturing process.

Specifically, one of the first check lines 62 connects a most
upper gate driver side power source terminal 59a among the
five gate driver side terminals 5394 to 61a 1n FIG. 28 and a
middle check signal input portion 65 of the three check signal
input portions 65. Another one of the first check lines 62
connects a second upper gate driver side power source termi-
nal 59a among the five gate driver side terminals 59q to 61a
and a most upper check signal 1nput portion 65 of the three
check signal input portions 65. Another one of the first check
lines 62 connects a third upper gate driver side clock terminal
60a among the five gate driver side terminals 39q to 61a and
a fifth upper gate driver side ground terminal 61a among the
five gate driver side terminals 39a to 61a. The first check lines
62 are formed 1n the same layer as the gate driver side termi-
nals 59a to 61a and the check signal input portions 635, and
therefore they are connected directly to each other.

On the other hand, among the second check lines 63, 65,
the second check line 63 that i1s arranged on the connection
portion side ol the gate driver GD connects a fourth upper gate
driver side clock terminal 60a among the five gate driver side
terminals 59a to 61a 1n FI1G. 28 and a most lower check signal
input portion 65 of the three check signal input portions 65.
The second check line 63 1s formed 1n a different layer from
the one 1n which the gate driver side clock terminals 60a, the
check signal input portions 65, and the first check lines 62 are
formed (1n an upper layer above the in-between insulation
film 37 and the protection film 38). Therefore, The second
check line 63 1s 1n contact with the gate driver side clock
terminals 60a and the check signal mput portions 65 through
an opening (not illustrated) formed 1n the 1n-between 1nsula-
tion film 37 and the protection film 38. The second check line
63 1s arranged to partially overlap the first check lines 62 with
a plan view.

Further, among the second check lines 63, 64, one of the
second check lines 64 arranged on the source driver SD con-
nection portion side connects a left end-side source driver
side power source terminal 395 among the five source driver
side terminals 395 to 615 1n FI1G. 28 and a third source driver
side clock terminal 605 from the left. Another one of the
second check lines 64 connects a second source driver side
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power source terminal 595 from the left and a fourth source
driver side clock terminal 605 from the left. Each of the
source driver side power source terminals 5956 and the source
driver side clock terminals 605 has an extended portion
extending therefrom to the connection portion of each second
check line 64. The second check line 64 1s formed 1n a differ-
ent layer from the one 1n which the source driver side power
source terminals 595, the source driver side clock terminals
605, and the first source driver side check line 445A are
formed (1n an upper layer above the in-between insulation
film 37 and the protection layer 38). Therefore, The second
check line 64 1s 1n contact with the source driver side power
source terminals 595 and the source driver side clock termi-
nals 606 through an opening (not illustrated) formed in the
in-between msulation film 37 and the protection film 38. The
second check line 64 1s arranged to partially overlap the first
source driver side check line 445 A with a plan view.

A right end-side source driver side ground terminal 615
among the five source driver side terminals 395 to 615 1n FIG.
28 has an extended portion extending outwardly, and the
extended portion 1s connected to the first source driver side
check line 445A. Therefore, the ground line 61 1s connected
to the first driver side check signal input portion 447 A via the
first source driver side check line 445A.

In the checking step, 1t 1s checked whether a current tlows
between the middle check signal input portion 65 of the three
check signal input portions 65 in FIG. 28 and the first source
driver side check signal input portion 447 that 1s connected to
the ground line 61. IT a current does not flow, it 1s detected that
disconnection occurs 1n any one of the most upper (left) side
power source line 59, the third clock line 60 from the upper
(left) side, and the lowest (right) side ground line 61 in FIG.
28. It a current flows, it 1s detected that no disconnection
occurs 1n any of the lines 59 to 61. In the checking step, it 1s
checked whether a current tlows between the most upper side
check signal input portion 65 and the lowest side check signal
input portion 65 among the three check signal input portions
65 1n FIG. 28. I a current does not flow, i1t 1s detected that
disconnection occurs in any one of the second power source
line 59 from the upper (left) side and the fourth clock line 60
from the upper (left) side 1n FIG. 28. If a current tlows, 1t 1s
detected that no disconnection occurs 1n any of the lines 59,
60. Further, 1n the checking step, 1t 1s checked whether a
current flows between the most upper side check signal input
portion 65 and the middle check signal input portion 635
among the three check signal input portions 635 1n FIG. 28. If
a current tlows, 1t 1s detected that short-circuit occurs 1n any

two of the lines 59 to 61. If a current does not flow, 1t 1s
detected no short-circuit occurs i any of the liens 59 to 61.

Sixth Embodiment

A sixth embodiment of the present invention will be
explained with reference to FIG. 29 or FIG. 30. The sixth
embodiment does not include the gate driver GD. The con-
figurations, operations, and effects that are same as those of
the first embodiment will not be explained.

As 1llustrated 1n F1G. 29, the gate driver GD as 1s 1n the first
embodiment 1s not arranged on an array substrate 520 of this
embodiment, and a gate driving unit 62 1s arranged instead of
the gate driver GD. The gate driving unit 62 1s formed directly
on the glass substrate GS of the array substrate 520 and 1s
formed collectively with the TFTs 24 that are formed in the
display area AA 1n the manufacturing process. Lines 63 to 66
are formed 1n a corner portion of the non-display area NAA of
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the array substrate 520. Various signals are supplied to the
gate driving unit 62 from the source driver SD via the lines 63
to 60.

The lines 63 to 66 include a STV line for supplying a start
signal, a CKV line 64 for supplying a first clock signal, a
CKVB line 63 for supplying a second clock signal, and a VSS
line 66 for supplying a ground potential. One end of each line
63 to 66 1s connected to the gate driving unit 62 and another
end thereof 1s connected to a corresponding check signal
input portion 67 as illustrated in FIG. 30. An extended line 68
extends from each of the check signal input portions 67 and an
end of each extended line 68 1s connected to each extended
terminal 68a. The extended terminals 68 are arranged 1n the
X-axis direction with respect to source terminals 527q and a
common terminal 544a. The extended terminals 68a are con-
nected to the source driver SD such that the signals from the
source driver SD are supplied to the lines 63 to 66. The check
signal input portions 67 that are arranged 1n the X-axis direc-
tion are connected to each other via ESD protection circuits
5353. The lines 63 to 66, the check signal input portions 67, the
extended lines 68, and the extended terminals 68a are
arranged between an arrangement area 1n which the source
driver side check signal imnput portions 347 are arranged and
an arrangement area 1n which the first line connection por-
tions 549 are arranged with respect to the X-axis direction.

Seventh Embodiment

A seventh embodiment of the present mvention will be
explained with reference to FIG. 31. The seventh embodi-
ment may be a modification of the first embodiment, and the
number of source drivers SD and the arrangement of common
lines 644 are altered from the first embodiment. The configu-
rations, operations, and eifects same as those in the first
embodiment will not be explained.

According to this embodiment, as i1llustrated in FI1G. 31, s1x
source drivers SD are arranged 1n the X-axis direction along
one long-side end of an array substrate 620. The common line
644 1s arranged on the array substrate 620 corresponding to an
end portion of each source driver SD, and an end of the
common line 644 1s connected to each source driver SD.
Specifically, 1n a pair of source drivers SD that are arranged
on two ends 1n the long side direction of the array substrate
620 among the six source drivers SD, the common line 644 1s
arranged 1n an end portion of the source driver SD that 1s
opposite to the end portion of the source driver SD to which a
common stem line 643 i1s connected. The common lines 644
are arranged to be connected to two end portions of the four
middle source drivers SD. Therefore, a group of the source
lines 627 that are connected to one source driver SD are
arranged 1n the non-display area NAA and between the com-
mon stem line 643 arranged on an end side of the source driver
SD and the common line 644 or between the common lines
644 arranged on the source driver SD. The wiring configura-
tions same as those in the first embodiment can be applied to
the array substrate 620.

Eighth Embodiment

An eighth embodiment of the present mvention will be
explained with reference to FIG. 32. In the eighth embodi-
ment, source lines 727 are formed 1n different layers of metal
f1lms 1n the display area AA and 1n the non-display area NAA.
The configurations, operations, and effects that are same as
those 1n the first embodiment will not be explained.

As 1llustrated 1n FIG. 32, a part of each source line 727
arranged 1n the display area AA i1s arranged on an upper
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layer-side of the gate msulation film 35 and 1s a display area
side line portion 69. The display area side line portion 69 1s
formed 1n a two-layer structure including the lower layer side
metal film 39 made of titanium (11) and the upper layer side
metal {1lm 40 made of aluminum (Al) (referto FIGS. 5 and 7).
A part of each source line 727 arranged in the non-display
area NAA 1s arranged on a lower layer-side of the gate 1nsu-
lation film 33 and 1s a non-display area side line portion 70
that 1s formed of the same material as the gate electrodes 24a
(refer to FIGS. 5 and 7). A long and short alternate dash line
extending in the X-axis direction illustrated at the lowest
portion 1n FIG. 32 represents a border between the display
arca AA and the non-display area NAA. An end portion of
cach display area side line portion 69 extends to the non-
display area NAA and overlaps an end portion of the non-
display area side line portion 70 with a plan view. In such an
overlapped portion, a source line connection portion 71 1s
formed. The source line connection portion 71 connects the
display area side line portion 69 and the non-display area side
line portion 70 that are arranged 1n different layers via the gate
insulation film 35. A specific connection structure of the
source line connection portions 71 1s similar to the connection
structure of the first line connection portions 49 and the third
line connection portions 51 (refer to FIGS. 11 and 12) as
described 1n the first embodiment and will not be explained.

Each source line 727 includes a source terminal 727a and
an extended portion 7275 that are formed of the same material
as the non-display area side line portions 70 and they are
formed 1n the same layer. The source terminal 727a 1s con-
figured such that a surface of the metal film of the gate
clectrode 24a 1s covered with a transparent electrode material
such as ITO or IZO that 1s same as a material of the pixel
clectrodes 25. A first source driver side check line 745A 1s
connected to the extended portions 7275 that are the non-
display area side line portions 70 of the source lines 727. The
first source driver side check line 745 A 1s formed of the same
materal as the display area side line portions 69 of the source
lines 727 and 1s formed 1n a two-layer structure including the
lower layer-side metal film 39 and the upper layer-side metal
film 40. First line connection portions 749 that connect the
extended portions 7275 of the source lines 727 and the first
source driver side check line 745 A have the same structure as
that of the first embodiment (refer to FIGS. 11 and 12) and
will not be explained.

On the other hand, a common line 744 1s formed of the
same material as the gate electrodes 24a and includes a com-
mon terminal 744a (a second line connection portion 750).
The common terminal 744a 1s configured such that a surface
of the metal film of the gate electrode 24a 1s covered with the
transparent electrode material such as ITO or IZ0 that 1s a
same material as the pixel electrodes 25. A second source
driver side check line 743B that 1s connected to the common
line 744 1s formed of the same material as the gate electrodes
24a and the common line 744.

A first source driver side check signal input portion 747A
and a second source driver side check signal input portion
7478 are formed of the same material as the gate electrodes
24a and configured such that surfaces thereof are covered
with the transparent electrode material such as the I'TO or IZO
that 1s same as the pixel electrodes 25. A third line connection
portion 751 connects the first source driver side check line
745A and the first source driver side check mnput portion
747A and has a similar structure as the first embodiment

(refer to FIGS. 11 and 12) and will not be explained.

Other Embodiments

The present invention 1s not limited to the above embodi-
ments described 1n the above description and the drawings.
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The following embodiments are also included 1n the technical
scope of the present invention, for example.

(1) Other than the above embodiments, the method of
manufacturing the liquid crystal panel (the array substrate)
may be altered 1f necessary. For example, as 1llustrated in
FIG. 33, the checking step with using the check lines and the
check signal input portions may be performed twice. A {first
checking step may be performed aiter performing the cutting
step and a second checking step may be performed after
performing the polarizing plate bonding step.

(2) Other than the above (1), instead of the chamiering step.,
the glass substrate may be cut to remove the check lines.
Specifically, as illustrated 1n FIG. 34, a first cutting step 1s
performed after performing the substrate bonding step to cut
the mother glass into a plurality of liquid crystal panels, and
a second cutting step (the removing step) may be performed
alter performing the polarnizing plate bonding step to cut end
portions of the glass substrate and remove the check lines.

(3) In the above embodiments, the first line connection
portions that connect the source driver side check line and the
source lines are arranged to be offset from the source driver
side check line with respect to the Y-axis direction. However,
the first line connection portions may be arranged to overlap
the source drive side check line with a plan view.

(4) In the above embodiments, the first source driver side
check line 1s arranged to cross the second region and the third
region, and the first line connection portions are arranged 1n
the second region, and the second source driver side check
line and the second line connection portions are arranged 1n
the third region. Such arrangement configurations may be
applied to the gate driver side check line and the line connec-
tion portions.

(3) In the above embodiments, one gate driver side check
line 1s connected to one end of one gate line, and another gate
driver side check line 1s connected to another end of another
gate line. Such arrangement configurations may be applied to
the source driver side check line and the source lines.

(6) In the above embodiments, the source driver 1s con-
nected to only one side end portion of the array substrate and
cach of the source lines 1s driven at one side by the source
driver. However, the source driver may be mounted to two end
portions of the array substrate such that the each of source
lines may be driven at two sides thereof.

(7) In the above embodiments, the gate driver 1s mounted to
two end portions of the array substrate such that each of the
gate lines 1s driven at two sides thereof by the gate drivers.
However, the gate driver may be mounted to only one side end
portion of the array substrate to drive each of the gate lines at
one side thereof.

(8) In the second embodiment, the gate driver side check
lines are arranged to cross the cutting position for the glass
substrates. Such a configuration may be applied to the source
driver side check lines such that the source driver side check
liens are arranged to cross the cutting position for the glass
substrates. Further, the adjacent source driver side check lines
may be connected by the check line connection portions.

(9) In the second embodiment, the removal check signal
input portions and the removal check connection lines are
arranged 1n the source driver side end portion of the array
substrate. However, the removal check signal input portions
and the removal check connection lines may be arranged 1n
the gate driver side end portion of the array substrate.

(10) In the above embodiments, the first line connection
portions and the third line connection portions that connect
different layers are formed of the same material as the pixel
clectrodes and they are formed 1n the same layer. However,
the first line connection portions and the third line connection
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portions may be formed of a conductive material different
from the pixel electrodes and formed 1n a different layer from
the pixel electrodes.

(11) Other than the above embodiments, a specific configu-
ration of the ESD protection circuit may be altered i1 neces-
sary and a varistor element, for example, may be used for the
ESD protection circuit.

(12) In the above embodiments, a reference potential 1s
supplied from the source driver to the capacity line via the
capacity stem line. However, the capacity connection line that
1s connected to the gate driver may be formed on the array
substrate and a reference potential may be supplied from the
source driver to the capacity line via the capacity connection
line and the gate driver.

(13) In the above embodiments, the checking step with
using the check lines and the check signal input portions 1s
performed after performing the substrate bonding step. How-
ever, the checking step may be performed after performing
the array substrate component forming step, and thereafter

the substrate bonding step may be performed.

(14) In the above embodiments, cold cathode tubes are
used for a light source of the backlight device of the liquid
crystal display device. However, other light source such as hot
cathode tubes or LEDs may be used.

(15) In the above embodiments, a direct-type backlight
device 1s included 1n the liquid crystal display device. How-
ever, an edge light type backlight device may be used.

(16) In the above embodiments, a transmissive type liquid
crystal display device including a backlight device that 1s an
external light source 1s used. However, the present invention
may be applied to a reflective type liquid crystal display
device capable of displaying with using natural light and 1n
such a case, the backlight device 1s not necessary.

(17) In the above embodiments, the TFT i1s used as the
switching element of the liquid crystal display device. How-
ever, the present invention may be applied to liquid crystal
display devices including switching elements other than the
TFT (for example, a thin film diode (TFD)). The present
invention may be also applied to liquid crystal display device
displaying black and white images other than the liquid crys-
tal display device displaying color images.

(18) In the above embodiments, the liquid crystal display
device using a liquid crystal panel as the display panel. How-
ever, the present imnvention may be applied to display devices
using other kinds of display panels (such as PDP or an organic
EL panel). In such a case, the backlight device may not be
necessary.

(19) The configuration described 1n the seventh embodi-
ment (1n which the common line 1s connected to an end
portion of the source driver) may be applied to any of the
second to sixth embodiments, and eighth embodiment (1n-
cluding the modifications of the fourth embodiment) other
than the first embodiment and the modifications thereof.

(20) The configuration described in the eighth embodiment
(1n which the source line 1s configured with the metal films
which are formed 1n different layers in the display area and
the non-display area) may be applied to any one of the second
to seventh embodiments (Including the modifications of the
fourth embodiment) other than the first embodiment and the
modifications thereof.

(21) Other than the above embodiments, the specific num-
ber of the source drivers and the gate drivers arranged for the
array substrate may be changed 11 necessary.

(22) In the above embodiments, a plurality of source driver
side check lines are arranged for each source driver. However,
the source driver side check line may be arranged to cross an
area 1n which a plurality of source drivers are arranged. For
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example, two source driver side check lines may be arranged
to extend in an area i which all the source drivers are
arranged. One of the source driver side check lines may be
connected to the odd numbered source lines and another one
of the source driver side check lines may be connected to the
even numbered source lines. In such a configuration, a total
number of the source driver side check lines arranged on the
array substrate may be more than two and, for example, may
be less than the twice of the number of the source drivers.

(23) In the first embodiment, all the source lines are formed
of the same metal film 1n the display area and the non-display
area. In the eighth embodiment, all the source lines are
formed of metal films 1n a different layer 1n the display area
and 1n the non-display area. However, for example, the source
lines having the configuration of the first embodiment and the
source lines having the configuration of the eighth embodi-
ment may be arranged on one array substrate.

EXPLANAITTON OF SYMBOLS

20: array substrate (element substrate), 23: polarizing
plate, 25: pixel electrode, 26: gate line (line, a pair of lines),
277: source lines (first line, line), 35: gate mnsulation film
(insulation layer), 35a: opeming, 43: capacity stem line (sec-
ond line), 44: common line (second line), 45: source driver
side check line (check line), 45A: first source driver side
check line (first check line), 45B: second source driver side
check line (second check line), 46: gate driver side check line
(check line, one check line, another check line), 47: source
driver side check signal mput portion, 48: gate driver side
check signal mput portion, 49: first line connection portion
(line connection portion), 50: second line connection portion
(line connection portion), 53: ESD protection circuit, 53a:
protection circuit TEFT (transistor), 54: check line connection
portion, 55: removal check signal mput portion, 56: first
removal check connection line (removal check connection
line), 57: second removal check connection line (removal
check connection line), 144: common line (second line),
146B: second gate driver side check line (second check line),
148B: second gate driver side check signal input portion
(removal check signal input portion), AA: display area (sub-
strate), MGS: mother glass (substrate parent material), NAA:
non-display area (outer peripheral side area), NRA: non-
removing area, RAl: first removing area, RA2: second
removing area

The mvention claimed 1s:
1. A method of manufacturing an element substrate com-
prising:
a line forming step of forming lines on a substrate, the line
forming step including:
forming a plurality of first lines extending from a {first
region of the substrate to a second region that 1s adja-
cent to the first region on an outer side of the first
region;
forming a plurality of first check lines extending from
the second region to a third region that 1s adjacent to
the first region on the outer side of the first region and
adjacent to the second region;
forming a plurality of first line connection portions in the
second region, the first line connection portions con-
necting the first lines and the first check lines;
forming a second line extending from the first region to the
third region; and
forming a second check line and a second line connection
portion 1n the third region, the second line connection
portion connecting the second line and the second check
line:
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a checking step of inputting a check signal to the plurality
of first check lines and the second check line and check-
ing the plurality of first lines and the second line; and
a removing step of removing at least a part of one of the first
check line and the second check line 1n the second region
and the third region and disconnecting the first line and
the first check line and disconnecting the second line and
the second check line; wherein
in the line forming step,
the first check lines are formed of a same material and
formed 1n a same layer, and

the second check line 1s formed of a material different
from the first check line and 1s formed 1n a layer
different from a layer 1n which the first check line 1s
formed with having an insulation layer between the
second check line and the first check line.

2. The method of manufacturing an element substrate
according to claim 1, wherein 1n the line forming step,

the first lines and the second line are formed with a same
material as the second check line and they are formed 1n
a same layer,

an opening 1s formed at a portion of the insulation layer
overlapping one of the first line and the first check line,
and

the first line connection portion 1s formed so as to cover the
opening, the first line connection portion configured to
connect the first line and the first check line that are
formed 1n different layers.

3. The method of manufacturing an element substrate
according to claim 1, wherein in the line forming step, pixel
clectrodes are formed and the first line connection portions
are formed with a same material and 1n a same layer as the
pixel electrodes.

4. The method of manufacturing an element substrate
according to claim 1, wherein 1n the line forming step, an ESD
protection circuit 1s formed, the ESD protection circuit con-
figured to be connected to the plurality of first check lines and
the second check line.

5. The method of manufacturing an element substrate
according to claim 4, wherein 1n the line forming step, a
transistor 1s formed as the ESD protection circuit, the transis-
tor configured to connect the first check lines each other and
connect the first check line and the second check line, and the
transistor having a threshold voltage value relatively higher
than a voltage value of the check signal that 1s input to the first
check line and the second check line 1n the checking step.

6. The method of manufacturing an element substrate
according to claim 1, wherein 1n the line forming step,
at least a pair of first check lines are formed so as to be parallel
to an outer end of the second region as the plurality of the first
check lines, and

the plurality of first line connection portions are arranged
between the pair of first check lines that are parallel to
the outer end of the second region and along an extend-
ing direction 1n which the first check lines extend.

7. The method of manufacturing an element substrate

according to claim 1, wherein 1n the line forming step,

at least a pair of first check lines are formed so as to be parallel
to an outer end of the second region as the plurality of the first
check lines, and

the plurality of first line connection portions are formed so
as to sandwich at least one of the pair of first check lines
that are parallel to the outer end of the second region.

8. A method of manufacturing an element substrate com-
prising:

a line forming step of forming lines on a substrate, the line

forming step including:
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forming a line extending from a non-removing area of

the substrate to a first removing area that 1s adjacent to

the non-removing area on an outer side;

forming a check line extending from the first removing
area to a second removing area that 1s adjacent to the
non-removing area on an outer side and adjacent to
the first removing area;

forming a line connection portion 1n the first removing
area, the line connection portion connecting the line
and the check line; and

forming a check signal input portion extending from the
non-removing area to the second removing area, the

check signal iput portion being connected to the

check line;

a checking step of inputting a check signal to the check
signal input portion and checking the line via the check
line; and

a removing step ol removing at least a part of at least the
line check line and the line connection portion and dis-
connecting the line from the check line and removing a
part of the check signal input portion.

9. A method of manufacturing an electrode substrate com-

prising;:
a line forming step of forming lines on a substrate, the line
forming step including:
forming at least a pair of lines extending from an 1nner
peripheral side area of the substrate to a pair of outer
peripheral side areas that are located to sandwich the
inner peripheral side area from outer sides;

forming one check line 1n one of the pair of outer periph-
eral side areas, the one check line being connected to
one end side of one of the pair of lines; and

forming another check line 1n another one of the pair of
outer peripheral side areas, the other check line being,
connected to another end side of the pair of lines; and

a checking step of inputting a check signal to the one check
line and the other check line and checking at least the
pair of lines; and

a removing step of removing at least a part of each of the
one check line and the other check line 1n the pair of
outer peripheral side areas and disconnecting the one

line from the one check line and disconnecting the other
line from the other check line.

10. The method of manufacturing an electrode substrate

according to claim 9, further comprising:

a substrate cutting step of cutting a substrate parent mate-
rial into a plurality of substrates, the substrate cutting
step being performed between the line forming step and
the checking step, wherein

in the line forming step, at least one of the one check line
and the other check line are formed so as to cross a
cutting position of the substrate in the substrate cutting
step.

11. The method of manufacturing an electrode substrate

according to claim 10, wherein 1n the line forming step,

a second line 1s formed 1n one of the pair of outer peripheral
side areas,

a second check line 1s formed to cross the cutting position
of the substrate in the substrate cutting step, the second
check line being connected to the second line, and

a check line connection portion 1s formed in an area that 1s
on an outer side from the cutting position of the substrate
in the substrate cutting step, the check line connection
portion being connected to the second check line and
one of the one check line and the other check line, and
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in the substrate cutting step, removing the check line con-
nection portion from the substrate according to the cut-
ting of the substrate parent material into the substrates.

12. The method of manufacturing an electrode substrate
according to claim 1, wherein 1n the line forming step,

a plurality of removal check signal mput portions are
formed 1n an area of the substrate in which a part of the
substrate 1s not to be removed 1n the removing step,

a removal check connection line 1s formed 1n a part of the
substrate that 1s to be removed in the removing step, the
removal check connection line connecting the removal
check signal input portions each other, and

after the removing step, the removal checking step 1s per-
formed and 1n the removal checking step, it 1s judged
whether the removing step 1s correctly performed based
on a current flowing state between the removal check
signal input portions.

13. The method of manufacturing an electrode substrate
according to claim 1, 1in the removing step, a part of the
substrate having a predetermined area ranging from an outer
end 1s chamfered.

14. The method of manufacturing an electrode substrate
according to claim 1, further comprising:

a polarizing plate mounting step of mounting a polarizing
plate on a surface of the substrate opposite to a line
forming surface thereof,

wherein the polarizing plate mounting step 1s performed
prior to the removing step.

15. The method of manufacturing an electrode substrate

according to claim 8, wherein 1n the line forming step,

a plurality of removal check signal mput portions are
formed 1n an area of the substrate in which a part of the
substrate 1s not to be removed 1n the removing step,

a removal check connection line 1s formed 1n a part of the
substrate that 1s to be removed in the removing step, the
removal check connection line connecting the removal
check signal input portions each other, and

after the removing step, the removal checking step 1s per-
formed and 1n the removal checking step, 1t 1s judged
whether the removing step 1s correctly performed based
on a current flowing state between the removal check
signal mput portions.

16. The method of manufacturing an electrode substrate
according to claim 8, in the removing step, a part of the
substrate having a predetermined area ranging from an outer
end 1s chamiered.

17. The method of manufacturing an electrode substrate
according to claim 8, further comprising:

a polarizing plate mounting step of mounting a polarizing
plate on a surface of the substrate opposite to a line
forming surface thereof,

wherein the polarizing plate mounting step 1s performed
prior to the removing step.

18. The method of manufacturing an electrode substrate

according to claim 9, wherein 1n the line forming step,

a plurality of removal check signal mput portions are
formed 1n an area of the substrate in which a part of the
substrate 1s not to be removed 1n the removing step,

a removal check connection line 1s formed 1n a part of the
substrate that 1s to be removed in the removing step, the
removal check connection line connecting the removal
check signal input portions each other, and

alter the removing step, the removal checking step 1s per-
formed and 1n the removal checking step, 1t 1s judged
whether the removing step is correctly performed based
on a current flowing state between the removal check
signal input portions.
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19. The method of manufacturing an electrode substrate
according to claim 9, in the removing step, a part of the
substrate having a predetermined area ranging from an outer
end 1s chamfered.

20. The method of manufacturing an electrode substrate 5
according to claim 9, further comprising:

a polarizing plate mounting step of mounting a polarizing
plate on a surface of the substrate opposite to a line
forming surface thereof,

wherein the polarizing plate mounting step 1s performed 10
prior to the removing step.
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